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THE DEPOSITION AND ALTERATION OF VARVED CLAYS 

E. M. Burwash 

Department of Mines, Ontario 


During the summer of 1936 the writer was engaged in a geological 
survey of a part of Eagle Lake and adjacent areas in the District of Kenora, 
Ontario. The entire map-sheet is underlain by pre-Cambrian formations, 
glaciated by the l^bradorean ice and later covered with pleistocene deposits 
which include for the main part boulder-clay, immediately covering the 
l>edruck surface, and an overlying mantle of varved clays and beach 
deposits of lacustrine origin. The deposits arc thin and for the most part 
mantle the hilly rock surface without concealing its undulations. As a 
result the rock is everywhere exposed along the lake shores through the 
removal ofi the drift by wave-action, and sections of the pleistocene are of 
frequent occurrence and occasionally useful for study. Even better, l)ecausc 
fresher, exposures were to be seen in the costinc trenches recently dug 
by miners in the search for gold-bearing veins. The phenomena which 
are studied in this iJatxjr were partly observed in the last-mentioned con- 
nection. 

I. Deposition — In general the boulder clay is not of great thickness 
and in many parts is represented only by a few l)ouIders. Above these the 
varved clay for the most part has a thickness of three or four feet. It is 
composed of thin beds of clay separated by white partings of calcareous 
material. A study of the conditions of deposition of such clays may here 
be of interest. 

The lakes in which the deposition took place were almost certainly ice- 
dammed lakes and the climate colder than now. While the water in sum- 
mer was probably not at as high a temperature as at present, the winter 
conditions were almost identical for reasons which may be stated. It is 
well known that cooling water reaches a maximum of density at a tem- 
perature between 39 and 40 degrees Fahrenheit (about 4® Centigrade). 
Below this temperature it expands slightly and decreases in density to 32° 
(O*^C0 where crystallization takes place, accompanied by further exj)ansion 
and decrease in density. Owing to these facts the freezing of a lake follows 
a certain definite course. The water is cooled at the surface by conduction 
of its heat into the air which is at a lower temperature. As a result the 
cooled water on the surface becomes heavier than that below and a down- 
ward convection of the cold water is established, the warmer water below 
rising to the surface and being in turn cooled until its density is greater 
than that below. This condition continues until some of the water reaches 
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the temperature of maximum density (4‘’C.), and after sinking remains 
permanently at the Iwttom of the lake. As more water readies maximum 
density the lake gradually fills from the bottom to the surface with water 
at 4°C. The water on the surface then ceases to sink and as it cools further 
becomes lighter and remains on the surface until it reaches 32“F. (0"C.), 
when after losing 80 calories of latent heat per gramme it crystallizes. In 
a body of still water frozen over the conditions are then as follows. The 
upper surface of the ice lias nearly the same temperature as the air to 
which it is exixiscd, while the lower surface ha.s, at 32°, the same tempera- 
ture as that of the water immediately in contact with it.. From the under 
surface of the ice downw’ard the water decreases in temperature and 
increases in density for a short distance until the temperature of maximum 
density is reached, which continues from that level to the bottom. The ice 
thickens by the transfer of latent heat from the water at 32°F. to the ice 
at 32“F. and thence through the ice-sheet into the air. 

As water cools its capacity for the solution of gases increases. The 
water of a frozen lake therefore is more highly acidulated by absorption 
of carbon dioxide than the warmer water of the summer whidi at present 
ordinarily rises to a temperature of nearly 60°F. The solution of calcium 
carbonate in the water depends on that acidulation, and its deposition from 
the water probably on a decrease in the acidulation, whidi would be brou^t 
about by a warming of the water. On this basis we can perhaps corrdate 
the deposition of the varves with the seasonal changes winch must have 
been taking place at the time of the sedimentadon. 

(a) During the winter the surface of die s<^ is frozen and predpitation 
remains upon it in the form of snow. Any slight liquefacdon of the snow 
is frozen before it has time to run off in Ae form of drain^fe. It cannot 
penetrate the frozen upper lajrer of the soil. Underneath the frost layer, 
the unfrozen ground water continues to work its tfSf slowly into the 
streams and lakes, carrying with it no solid seditneitl;, hot a omsiderable 
supply of dissolved salts, espedally caldte. The cold addtdated water of 
the lake is well adapted to receive dtese, and retiun them without pre- 
djMtation, so that a condition of saturation is approadwd, perhaps ac^y 
reached. 

(b) With the arrival of spring the ice-oover of die lake Melts more 
dowly the snow on the adjacent land. The floods which follow the 
liquefaction of the snow and the thawing of die surface soil carry large 
amounts of solid sediment into the lake. The coarser parts me di^xjsited 
near the shores, while the finer clay is carried further out and settles 
gradually over the bottom of the lake for great distances, coverii^f fhe 
bottom of even large lakes. The floods once over, die streams heewpe 
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Vmrved day in a costine (trench) on the Gold dale mining t»roperty at Eagle Lake. 
Belov cati be leen the unaltered varves with white calcareous partings between the 
more argillaeeous layers. These distinct markings gradually f^e out as they pass 
UPWtrdl into the leathered part near the surface, where the vertical cracks due to 
hofiaontal shrinkage become more prominent. The vertical distance from top to 
bottom of the illustration is about five feet. The top is near the surface of the 
grounil. TKe sbadovs are due to trees. 
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clear, much reduced in volume, and the amount of silt carried out is 
negligible. 

(c) As the lake waters gradually warm by direct solar radiation and 
conduction from the air after the disapjiearance of the icc, and are further 
warmed by the inflow of warm surface waters, the capacity of the water 
to retain carbon-dioxide is decreased, and the deposition of part of the 
solids dejxMideiU on its presence would follow. This includes all carbonates 
but mainly calcite. The actual condition is that the water in the depths 
of the lake remains colder all summer than that on the surface. As is well 
known, the sj)ecies of fish that prefer cold water are then found at a con- 
siderable distance^ below the surface. The calcite released from solution 
in the wanner water near the surface would sink until it came to the colder 
and inon* acidulated depths which would redissolve it, become saturated, 
and finally deiK)sit calcite as a precipitate at the bottom. We may there- 
fore r(‘fcr the formation of the white partings in the clay to the summer 
season. The predominantly argillaceous layers must also be conceded to 
contain some calcite, apart from the presence of numerous calcareous 
concretions in them. 

II. Alteration by Weathering — After the subsidence of the glacially- 
dammed waters, tlie varved deposits were exjx)sed to weathering by rain 
charged with carbon-dioxide. The result is the resolution and leaching-out 
of the carbonates so that the varved structure and appearance are lost, the 
remaining clay appearing uniform. The removal of carbonaceous matter 
and possibly other salts from the clay itself would account for the vertical 
fissures due to horizontal shrinkage and the vertical thickness of the 
weathered depo.sit must also be considerably reduced. 

The reproduced photographs accompanying this article, demonstrate 
the appearance of the unaltered deposit and of its weathered equivalent* 



THE BLAIRMORE CONGLOMERATE AND ASSOCIATED 

SEDIMENTS 


By P. S. Wakren 

Department of Geology, UnwersUy of Alberta 
Introduction 

The Lower Cretaceous non-marine sequence in the foothills and front 
ranges of the Rocky Mountains of Alberta consists of two formations, the 
Kootenay below and the Blairmorc above. 'I'he line of demarcation between 
these formations is a conglomerate tied long known as the Kootenay con- 
glomerate but more recently as the Blairmore conglomerate. 

This conglomerate has lieen known and studied for some fifty years by 
geologists and prospectors in the foothills area of Alberta. To the pros- 
pector it has proved a very useful indicator as to the position of the coal 
seams which occur either immediately below or immediately above it. As 
the conglomerate usually stands out fairly conspicuously in the section, 
whereas the coal-bearing beds, being softer and more easily eroded, are 
more commonly covered, the significance of the conglomerate to the 
prospector cannot be overrated. To the geologist, the conglomerate proves 
very useful in mapping as it separates the underlying Kootenay formation 
from the overlying Blairmore formation. Certain horizons in these two 
formations are very similar in appearance and the position of the con- 
glomerate bed in the section greatly facilitates their distinction. 

The conglomerate, however, raises certain problems which have, so 
far, not been solved to our complete satisfaction. Many questions arise as 
to the stratigraphic significance of the formation. These questions must 
be answered before the importance of the conglomerate bed can be appre- 
ciated and the stratigraphy of the underlying and overlying formations 
fully understood. They may be stated as follows; 

1. — Is the Blairmore conglomerate of exactly the same age throughout 
the entire extent of its outcrop, a distance of about 400 miles ? 

2. — Does the Blairmore conglomerate represent a stratigraphic break 
in the succession, and if so, of what magnitude? 

3^-^VVhat is the origin of the boulders in the Blairmore conglomerate? 

It is the author’s intention to attempt an answer to these questions, at 
least in part. In order to do so the lithology and extent of the conglomerate 
and associated formations must be discussed in detail 

Historical 

The Lower Cretaceous in the foothills and front ranges is a non-marine 
sequence represented by two formations, — ^the Kootenay formation below 

7 
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and the Blairmore formation above. The upper beds of the Biairmore 
probably represent Upper Cretaceous time. G. M. Dawson introduced the 
term Kootanie* for a succession of beds in Crowsnest pass in 1885^*\ 
Dawson included in his Kootenay our present day Fernie shale (Jurassic), 
the Kootenay and most of the overlying Blairmore formation. Some fossil 
plants obtained from the coal-bearing beds in the Kootenay were determined 
as Lower Cretaceous by Sir J. W. Dawson^*) whereas some obtained from 
the top of the section were believed to represent a Dakota flora and, there- 
fore, Upper Cretaceous. For this reason the upper beds of the succession 
(the uppermost beds of our present Blairmore) were excluded from the 
Kootenay, which term was reserved for the Lower Cretaceous deposits. 
Dawson mentioned the conglomerate beds associated with the Kootenay 
series and considered that the chert pebbles in the conglomerate were 
derived from the underlying Palaeozoic limestones. He measured a section 
in the vicinity of the present town of Coleman. 

In 1900 Mr. J. M. McEvoy<*) measured the section of the Cretaceous 
beds at Fernie, B.C., in Crowsnest pass. He stated that Dawson’s 
Kootenay series comprised the lower and middle part of the section but 
he mentioned no dividing line between the Lower and Upper Cretaceous. 
The Fernie shale was included at the base of the section. He gave the 
age of the Kootenay as Lower Cretaceous on the evidence of fossil plants 
identified by Dawson W. 

W. W. Leach, in 1902^^^ studied the section at Blairmore and Coleman. 
His general section limits the different formations as we now know them 
but he does not name them. He recognized our present Fernie shale at 
the base of the section, then the coal-bearing beds (Kootenay) followed by 
a conglomerate bed (Blairmore conglomerate). This is overlain by his 
fourth series, our present Blairmore formation. In the sections of the coal- 
bearing beds studied in various localities Leadi always ioduded ffie con- 
glomerate as part of that group. 

When Leach returned to Crowsnest pass in 191 1 he named the 
formations he had previously delimited. Ihe black shales at the Nw* of 
the section he definitely tenn^ Femie shalt and rel^fated it to the Jurassic. 
For the cod-bearing beds above the Femie he used Dawson’s term 
Kootenay in a limited sense including wifli it the conglomerate at Hut top 
which he called the Kootenay conglomerate. The beds above the con- 
glomerate he termed Dakotaf He considered that the Dakota ( ?) ’’’Over- 
lies the Kootenay without any evidence of unconformity unless ffie con- 
glomerate at the top of the Kootenay should mark a ^ort tynnsari on of 

*Tlie present spelling “Kootenay' was aib^ted by the Geegraphic Board of 
Canada on the 5th d March, 1900. IBtfa Report, p. 151. 
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deposition at that period’*^^\ In 1912 Leach again returned to the Blair- 
more area and in the Summary Report of the Geological Survey for that 
year^^> his geological map was published. In this map Leach introduced 
the term Blcdrmore {Dakota?) for the beds above the conglomerate. 



OutHne map of the sotitbera portion of Alberta showing the localities referred 
to in the accompanying paper. 


Bruoe Rose^^) studied the Blairmore section in 1915 and 1916 and used 
Ibe term BkmHore fomoHon for the beds above the conglomerate and 
ptaoed the conglomerate in the Blaimmre rather than in the Kootenay as 
he noticed an onconformity at the base of the conglomerate, 

R H. McLeam studied the sccticm in 191S<^\ On the evidence of 
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fossil plants he suggested a Dakota age for the upper 200 feet of the Blair- 
more and an upi>ermost Coirianchean age for the lower part of the formation. 

B. R. McKay in and 1932<i^> especially stressed the uncon- 

formity at the base of the conglomerate. He placed the conglomerate at 
the base of the Rlairmorc wliich he considered Lower Cretaceous in age. 

E, W. Berry m a study of the fossil plants from this section in 1929 
suggests a Barrcniiaii age for the Kootenay flora and an Aptian-Albian age 
for the Lower Blaimiore. He considered the flora from the uppermost 
Blairmorc to Cenomanian in age. 

l.rnioLOcjY OF the Conglomerate 

1'he Blaimiore congkmierate varies little in lithological character 
throughout the foothills and mountains. It is composed of pebbles of 
chert and quartzite cemented in a matrix of, usually, calcareous sandstone. 
The chert may be grey, blue or pink in colour whereas the quartzite pebbles 
vary from a white to a buff or yellow colour. The proportion of chert 
to quartzite is apt to vary from place to place. Occasional outcrops have 
l>een observed at which the pebbles are preponderantly chert whereas at 
other outcrops they are mostly quartzite. They are usually well mixed. 
1'he proportion of matrix to boulders is variable also but this variation 
hcenis tf) bear a distinct relation to the position of the outcrop with the 
shore-line to the west when this bed was being deposited. As a rule the 
boulders appear as the predominant part of the bed and they usually make 
up over fifty per cent of its total volume. 

The Blairmore is a well sorted conglomerate. In any one exposure 
the pebbles do not vary greatly in size though there is a certain variation in 
size in different exposures. The average size of boulders and pebbles in 
the exposures in the foothills is about an indi in diameter. They are 
seldom found much smaller than half an inch but they may be as large as 
three inches in diameter. In Crowsnest pass, in the Michel and Femie 
fields, they may be found still larger and the amount of sandy matrix pro- 
portionately less. Such changes are accounted for by the proximity of 
these areas to the old shoreline. It seems to be a fact, nevertheless, that 
the conglomerate disappears towards the east not so much by the pebUes 
becoming finer and finer but by the pebbles becoming fewer and fewer in 
the sandy matrix. 

The shape of the pebbles varies considerably. They all show the effects 
of water action by being flattened to some degree and are roughly of an 
oval shape. It is surprising, however, that they are seldom of the flatness 
of well-worn beach pebbles. The chert pebbles are usually more angular 
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than those of quartzite. Cliert pebbles may be found in the conglomerate 
in the foothills which show very little sign of water action though far from 
their source of supply. The angularity they display is probably the result 
of breakage in transit. 

Ex'nh:NT AND Character of the Formations 

To arrive at a proi)er understanding of the relationship of the Blairmore 
conglomerate to its associated sediments it is necessary to trace the out- 
crops of the formation throughout its known extent in the foothills and 
mountains. It is not our intention, however, to discuss the lithology of 
the Kootenay and Blairmore formations except in very general terms. 
These formations remain, on the whole, remarkably constant in lithological 
character throughout. They consist of alternate Ixjds of buff or grey to 
greenish-coloured fine-grained sandstone and dark grey or greenish- 
coloured shale. Where coal occurs in the section, the accompanying beds 
are usually buff-coloured sandstone and dark grey shale. Where free 
from coal the beds usually assume a light grey or greenish grey tint. Small 
differences in lithology appear at certain horizons in different outcrops in 
confined areas but they are not of sufficient importance to be considered 
in the present discussion. The changes in thickness and lithological 
changes over wdde areas will be discussed in the following pages. 

In the Boundary Survey report^*^^ Daly mentions the ab.sencc of 
Cretaceous rocks within the mountains. In the foothills area in front of the 
mountains, Stewart^^^^ did not find any of the Kootenay-Blairmorc group 
in the southern area. It is probable, however, that it is present in an un- 
mapped area immediately east of the front ranges. 

The farthest south that the Kootenay-Blairmore succession is known to 
outcrop in Canada is in the Flathead valley in the mountains just north 
of the International Boundary^^^)^ Mackenzie gives a thickness of 1,100 
feet for the Kootenay, 85 feet for the conglomerate and 2,000 feet for the 
Blairmore which is poorly exposed in this area. He placed the Blairmore 
in the Upper Cretaceous and considered that the conglomerate at the base 
overlies the Kootenay disconformably. He believed that the pebbles in 
the conglomerate originated in the Devono-Carboniferous limestones which 
underlie the Mesozoic succession. The Kootenay-Blairmore in this basin 
is exposed in an area about six miles long but does not extend as far south 
as the International Boundary. 

On the South Fork of the Oldman river (now known as Castle river) 
Madeenzie^*^^ gives a thickness of 1,285 feet for the Femie (base not 
exposed) and Kootenay combined, the conglomerate being included in the 
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Kootenay. His measurement for the Blairmore is 2,500 feet. He mentions 
a second conglomerate occurring in the Blairmore at this locality. 

Stewart<i^> gives a thickness of 600-750 feet for the Kootenay in the 
southern foothills. The conglomerate at the base of the Blairmore is from 
six to ten feet thick but occasionally reaches 30 feet. No good measure- 
ments of the Blairmore in this area could be obtained. 

There is considerable variation in the thickness of this set of beds in 
Crowsnest pass. Mackay(”> gives a thickness of less than 400 feet for the 
Kootenay at Burmis at the east end and 800 feet at Coleman farther west. 
The thickness of the Blairmore in the same area ranges from 2,100 to 

3.000 feet. Across the divide in British Columbia in the Crowsnest field, 
Mackay^*®) gives a thickness of 3,500 feet for the Kootenay and over 

6.000 feet for the Blairmore. These figures show very plainly the thicken- 
ing of the formations in a westerly direction. The Crowsnest coal field 
extends north as the Elk River coal field for some 60 milesri*). 

In the Moose Mountain area south of Bow river Caims<*^) reports 
that the Kootenay averages about 240 feet in thickness, the Blairmore from 
900 to 1,700 feet and the conglomerate at the base from 10 to 30 feet. 
The same set of beds are known to outcrop farther west behind the front 
range at the head of the south branch of Sheep creek at Bums mine where 
the thicknesses are much increased. 

In the Pekisko Hills, as representative of Turner valley area, Hume<**> 
gives a thickness of 100 feet for the Kootenay and 1,200 to 1,500 feet for 
the Blairmore. The basal bed of the Blairmore is a conglomeratic sand- 
stone. The McDougall-Segur sandstone and the Home sandstone are two 
productive horizons in the Blairmore. 

The Kootenay-Blairmore succession is not fully exposed on Bow river 
east of the front range; only the upper part of the Blairmore out«op8<‘*>. 
In Cascade valley behind the front ranges most of die section is exposed. 
The names Kootenay and Blairmore were not originaBy s^ed to this 
section but were used by MacKay in mapping the coal ba8in<»»). <MacKay* 
{daces 1,340 feet of beds in the Blairmore. The upper 600 feeA (d die 
formation has several massive conglomerates. He draws the fine between 
the Blairmore and the Kootenay at the base of a coarse-grained sandstone 
whidi overlies a 45-foot bed of black shale. There U no coagbmetate at 
^8 horizon. This would place 3,050 feet of beds, with the coal horiaon, 
in the Kootenay. It is doubtful if this division of the beds oM'responds 
with that of other areas where the Blairmore is always thideer than tiib 
Kootenay. As MacKay states that no continuous section of either fonna- 


^Pertonal communtcation. 
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tion could be obtained, the conglomerate bed at the base of the Blairmore 
may not have been exposed. Tf the conglomerate bed is missing in 
Cascade valley it is the only known section where it has failed. 

In tracing this set of beds north of the Bow in the foothills, only the 
upper part of the Blairmore is exposed on the west of Wildcat hills accord- 
ing to HumeW‘>. Farther north on Red Deer river east of Hunter Valley 
well, the basal Blairmore is exposed. The conglomerate is present, is 
massive and quite thick and is underlain by 150 feet of Kootenay beds with 
coal, the base of the formation being faultedf^^)^ Hume states that the 
conglomerate with the accompanying sandstone can be traced north to 
James river. 

At Marble mountain, on Tepee Pole creek, a tributary of the James 
on the north side, the Blairmore formation is exposed around the Palaeo- 
zoic fold. The conglomerate is well exposed and is about 35 feet thick. 
The Kootenay is practically gone, the conglomerate resting on the Fernie 
shale which becomes sandy in the upper beds. The whole succes.sion is 
about 1,300 feet thick. There is no sign of coal*. 

Nearly the .same condition obtains at Nordegg. .\llan and RutherfonF^*) 
show that the conglomerate at the base of the Blairmore lies directly on 
the Femie. The upper beds of that formation are sandy and probably 
marine. It is doubtful if these sandy beds at the top of the Fernie should 
he termed Kootenay. The conglomerate varies in thickness from 10 to 35 
feet. The Blairmore attains a thickness of 1,500 feet with an average of 
about 1,000 feet for the area. Coal seams occur near the base of the 
Blairmore which is the producing horizon in this area. It is known locally 
as Kootenay coal. 

In the Bighorn basin west of Nordegg the formations thicken consider- 
ably. Msd]ock(^^> gives a total thickness of the Kootenay-Blairmore as 
5,458 feet but he does not divide the two formations at the conglomerate. 
A division of the formations at the conglomerate shows the Kootenay with 
a thickness of 1,467 feet and the Blairmore with 3,991 feet with a ten-foot 
congbmerate bed at the base. 

In working north from the Nordegg area along the Blackstone, Brazeau 
and Pembina rivers, Allan and Rutherford^**) use the word Kootenay for 
die whole Kootenay-Blairmore succession. They divided it into two 
members, — the upper, the McLeod member, which corresponds to the 
tq^r part of the Blairmore, and the lower, the coal-bearing member which 
indudes the lower Blairmore, the conglomerate, and the true Kootenay. 


♦Private information from The Canadian Wertem Natural Gas, Light, Heat 
and Power CompatQr, Limited. 
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I'he coal horizon is mostly in the lA)wer Blainnore. No good measure- 
ment of the thickness of the formations could be obtained. 

The same nomenclature was used by Rutherford in the extension of 
this work to Athabaska river. He gives a thickness of 900 feet for the 
beds below the conglomerate on Folding mountain. 

The area along the McLeod and Athabavska rivers has also been reported 
on by Mac Kay He used a new nomenclature for the section. For 

the Blairmore conglomerate he introduced the term Cadomin ; for the for- 
mation l)elfjw^ the conglomerate, the term Nikinassin; for the coal-bearing 
beds in the Lower Blairmore, Litscar, and for the Upper Blairmore, 
Mountain Park jormatlon. All the coal occurs in the Luscar formation, — 
the Nikinassin, or the Kootenay of the southern area, being barren. The 
flora of the Luscar formation is considered to be of Lower Blairmore age 
by (in MacKay^^**^ pp. 13 and 14). MacKay gives a thickness of 

alKiiit L(XX) feet for the Nikinassin, 5-70 feet, with an average of 25 feet, 
for the Cadomin conglomerate and 1,950 feet for the Luscar, which 
measurement may include some of the Mountain Park sandstone. The 
Mountain Park formation thins very rapidly to the north. On Brazeau 
river it is 825 feet thick, thinning to 320 feet at Luscar, and is probably 
not present as a distinct formation at Brule on the Athabaska. 

North of the Athabaska our know'ledge of these rocks is largely confined 
to two rejxirts by Me Vicar He used alx)ut the same nomenclature 

as that of Rutherford His Kootenay embraces all the coal-bearing 
beds and extends down to the top of the Femie. For the upper barren 
beds (upi>er part of the Blairmore) he introduced the term Sunset sand- 
stone. The section seems to thicken in a northerly direction as he gives a 
thickness of 3,600 feet for the Kootenay in the foothills and 3,000 feet for 
the Sunset sandstone. Two conglomerate beds come into the section and 
both arc very thick. It is difficult, therefore, to correlate the section with 
that on Athabaska river. 

Farther north on Peace river Lower Cretaceous beds occur, but as 
these differ considerably from the Kootenay-Blairmorc succession^ it seems 
best for the present to leave them out of the discussion. A curious feature, 
however, may be mentioned. McVicar notes a heavy sandstone bed, the 
Sunset sandstone, coming in on top of the succession which, according to 
its stratigrapliic position must be equivalent to the Mountain Park sand- 
stone, and he gives a thickness of 3,000 feet for it. On Peace river, marine 
shales occupy the same horizon As MacKay notes the thinning of 
the Mountain Park sandstone toward the north which would harmonize 
well with the conditions on Peace river, it leads one to believe that McVicar 
included some overlapping Belly River beds in his succession believing 
them to be Upper Blairmore. 
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Summary 

• 

The J-ower Cretaceous <lejx)sits in the foothills and mountains show a 
succession of continental beds extending from near the International 
Boundary to at least Smoky river, a distance of about 400 miles. A well 
defined conglomerate bed in the middle of this succession CxXtends the 
whole distance. It divides the group into two main formations, the 
Kootenay below and the Blairmore above. This conglomerate marks an 
unconformity at least kjcally as shown by the evidence in Crowsnesl pass. 
Both the Kootenay and the Blairmore formations thicken in a westerly 
direction and this statement holds true to a certain extent for the con- 
glomerate bed at the base of the Blairmore. The Blairmore formation is 
always thicker than the Kootenay. 

A notable change in the succession in a northerly direction is the posi- 
tion of the coal beds. In the southern area north as far as the Clearwater 
river the coal occurs l)elow the conglomerate, that is in the Kootenay 
fonnation. North of this point the Kootenay becomes barren and the coal 
apjjears alx)vc the conglomerate. This change in the position of the coal 
horizon has resulted in a new nomenclature for the IkmIs in the northern 
area. It may be argued that it is tlie coal horizon that has remained 
stationar}'' and that the conglotnerate has dropixHl in the section in a 
northerly direction. Opposed to this is the idea that the coal horizon has 
ri.sen in the section and that the conglomerate has remained statioiiar}. 
These arguments will be considered later. 

Stratigraphic Significance of the liLArRMORK Conglomerate 

The first question to be answered concerning the Blairmore con- 
glomerate is, — Does the conglomerate rej^reseni the same .stratigraphic 
horizon throughout its whole exposure? This question is a little difficult 
to answer but we have a certain amount of evidence. It has already been 
stated that the conglomerate extends from about the 49th parallel north 
to Smoky river, a distance of about 400 miles. 7'hroughout its entire 
extent the bed remains remarkably constant both in thickness and litho- 
logical character. The conglomerate has been traced by intermittent 
exposures all the way so there seems little doubt that we are dealing with 
the same bed north of the Athabaska that is exposed in Crowsnest pass. 
Its position in the Lower Cretaceous section is practically always the same 
and the Lower Cretaceous section is bounded both above and lielow by 
marine formatiotts which show quite clearly that the whole Lower Cre- 
taceous non-marine sequetice is of the same geological age throughout. 
The main difficulty in the way of accepting this conglomerate as of the same 
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stratigraphic horizon in all its exposures is tlie fact that in the south end 
of its extent coal occurs in the (wds below the conglomerate whereas in the 
north the coal-bearing beds are above the conglomerate. There is, naturally, 
a tendency to consider the coal horizon as being of the same age throughout 
with the conglomerate falling stratigraphically in the section towards the 
north. This contention is not born out by fossil evidence. A flora occurs 
in the lower Blainnore beds in Crowsnest pass which is considered Aption- 
Albian in age. A flora collected in the coal-bearing beds above the con- 
glomerate on Athaba.ska river is believed by Bell to represent the Lower 
Blairmore flora. Thus, so far as the fossil evidence is concerned we must 
consider the coal horizon as rising in the section toward the north whereas 
the conglomerate remains stationary. 

The second question, — whether the Blairmore conglomerate represents 
a stratigraphic break of any magnitude in the section — is not easily 
answered from a study of the Lower Cretaceous formations alone. On the 
strength of fossil evidence so far obtained there is little reason to consider 
that any stratigraphic break exists. As previously mentioned. Berry 
suggests a Barremian age for the Kootenay flora imd an Aptian-Albian 
age for the Blairniorc flora. If these assignments are correct, there is no 
reason to assume a largt* stratigraphic break. 'Lliat as erosinal interval 
does occur at the top of the KtMrtcnay is quite evident in Crowsnest pass 
and it is very diflicult to evaluate its importance. The significance of this 
erosional interval would not arise except for a similar problem at the base 
of the Kootenay, wliich may be cited briefly as follows : — ^'flte highest fauna 
found in the Fernie shale, just below the base of the Kootenay, shows that 
the up])er part of the Jurassic is missing from that formation and as the 
Kootenay sandstones lie apparently conformably on the Femie with a 
gradational boundary between, it follows that we would expect to find the 
upper jiart of the Jurassic represented in the Kootenay. Not only is this 
not so but we find that tlie lower part of the Lower Cretaceous, the Neo- 
comian, is also unrepresented in the section and that the Kootenay pepre>i 
sents a still higher horizon in the Cretaceous, vut., the Barremian. This 
conclusion is difficult to accept when the section is studied in the field on 
account of the gradational boundary between the Femie and the Kootenay 
and the suspicion arises that the Kootenay flora has betai placed too high 
in the scale, and tlut a stratigraphic break of considerabte magnitude oocura 
at the top of the Kootenay rather than at the base. It is E of peIec* 
ontological evidence versus field evidence. The more one examiaes the 
evidence, however, of the whole Lower Cretaceous aoquenoa, the more it 
becomes plain that the Kootenay-Blairmore is one lithological unit laid 
down in the same cycle of sedimentatioft and that the flora of the whote 



The Blairmore Conglomerate 


17 


unit is remarkably similar. This is so much the case that it is extremely 
difficult to distinguish a Kootenay flora from a Lower Blainnore flora. 
I'he weight of the evidence, therefore, seems to be in favour of considering 
the break at the Imse of the Blairmore conglomerate as of little strati- 
graphic imi)ortance and that the missing part of the section must be 
accounted for at the junction of the Fernie and the Kootenay. 

Origin of the Pebbles in the Conglomerate 

The first mention of the conglomerate bed at the base of the Blairmore 
was by Dawson^^L He considered that the chert iiebbles in the con- 
glomerate were derived from the underlying Palaeozoic limestones. In 
this he was followed by MacKenzie^^^L Other geologists either do not 
mention a possible source or they consider that they were brought in from 
the west. McLeani states that “the conglomerates of the Blairmore indi- 
cate an uplift of a land mass to the west and may mark the Sierra Nevadan 
revolution^^’P-^'^L We have, therefore, two ideas regarding the origin of 
the pebbles in the conglomerate that must lie considered. 

The idea of the origin of the |)ebbles in the underlying Palaeozoics must 
be given first consideration as it was the first to be put forward. The 
Bundle limestone in the front range where it has been studied carries, in 
certain areas, a large number of chert nodules. The writer has also 
observed thin chert beds in the overlying Rocky Mountain quartzite. 
These are the only Palaeozoic cherts known to the writer in the upper 
part of the Palaeozoic succession. It was probably Rundle chert nodules 
that Dawson had in mind when he attributed the conglomerate pebbles to 
the cherts in the Palaeozoic limestones. In order to obtain chert nodules 
from the Rundle limestone during Blairmore time, it is necessary to assume 
a considerable land movement at the end of Kootenay time followed by a 
period of erosion of sufficient length of time to erode the Kootenay, Fernie, 
Spray River (if present), Rocky Mountain quartzite and at least i)art of 
the Rundle. The date of such disturliance is well fixed as there is no 
chert conglomerate in any of the formations between the Rundle limestone 
and the base of the Blairmore. That there is an unconformity at the base 
of the Blairmore is not to be doubted as the Kootenay has suffered some 
erosion, as shown in Crowsnest pass, before the Blairmore conglomerate 
was laid down. How much erosion took place at this time is uncertain but 
it was probably not a great amount. If there was sufficient erosion to 
expose the Rundle limestone, then we ought in some places to find the 
Blairmore conglomerate resting on the eroded surface of the Rundle. 
Such a contact has never been found. The Blairmore conglomerate has 
been seen in contact with the Fernie in the foothills where the Kootenay 
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thins out. It seems reasonable to presume, therefore, that the supply of 
chert pebbles was not derived from the Rundle limestone in any area 
where the section has so far been studied 

The fact that the conglomerate beds in the Blairmore become thicker 
and more numerous as we trace the formation west shows plainly that the 
source of supply was from that direction. They may of course have been 
derived from the Rundle limestone on the western side of the Rockies as 
we cannot trace the Blairmore quite that far. We have, however, evidence 
to the contrary. The farthest west exposure of the Blairmore, in Elk 
River valley at Fernie and not far from the Kootenay valley to the west 
of the Rockies, shows the formations between the Blairmore and the 
Rundle limestone to be thickening instead of thinning. In the Lizard 
range west of the Elk valley, the Rocky Mountain quartzite and Spray 
River formation both attain a thickness of from 1,500 to 2,000 feet whidi 
is twice the thickness of these formations farther east in Crowsnest pass. 
Such conditions would be reversed if there had been an uplift in the 
western side of the Rockies before Blairmore time and erosion had taken 
place there. 

Further evidence that the pebbles in the Blairmore conglomerate were 
not derived from the underlying limestones may be deduced from the 
lithological character of the pebbles themselves. The chert pebbles in the 
Rundle limestone are all dark grey to black in colour without exception. 
The chert pebbles in the Blairmore conglomerate vary greatly in colour, — 
gray, pink and buff. Also, a great many pebbles in the conglomerate are 
quartzites which are far harder or more consolidated than any quartzite 
occurring in the Rocky Mountain quartzite above the Rundle, the only 
quartzite horizon which could act as a source. Altogether the weight of 
the evidence shows that the pebbles in the Blairmore conglomerate mu$t 
have been derived from the west of the Rocky mountains, probably from 
the Selkirk mountains in British Columbia. 
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1, Introduction 

Wherever the art of silviculture is highly developed, it is recognized 
that disease is among the important factors to be reckf)ned with in tlie long 
and often difficult task of bringing timber to maturity. Indeed, silvi- 
cultural practice and the regulation of the forest take their shape, in part 
at least, from this consideration. Protection against damage and disease 
is an important function of management, and the health of the forest is one 
index of its success. 

In America, experience of forest culture is still comparatively slight, 
and the problems of disease as related thereto are only beginning to receive 
attention. True, the enormous wastage from decay often exposed in the 
exploitatiou of virgin and wild timber stands has not passed unnoticed, 
and the lethal character of certain forest parasites has been fully recognized ; 
yet it may be said that, with few exceptions, the true potentialities of 
pathogenic agents in the forest are largely unknown, and that the signifi- 
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cance of forest diseases to the problem of forest management based on 
sustained yield is generally unappreciated. 

Forest pathological science should contribute mudi to the develc^ment 
of forestry through its influence on silviculture, regulation, and protection; 
and ])erhaps the most useful service which the forest pathologist can 
render to forestry is so to relate his special knowledge to these sciences 
that forest management may be directed in the most enlightened way. 

The folowing paper has been prepared with this thought in mind. It 
is the result of studies of the fungus Trametes Pint and the disease whidi 
it causes in white pine, and emlwdies a review of the literature pertinent 
to the subject, and the results of original work. The latter derives mainly 
from observations in pint forests in the Province of Ontario. 

2. Important Literature 

While in the aggregate there is a considerable bulk of literature relating 
to the fungus Trametes Pint, important papers on the subject of the disease 
which it causes are comparatively few. Of these many deal mainly with 
the pathological anatomy of the hosts ; studies of the disease in relation to 
silvics or silviculture are rare. 

Among the works on the pathological anatomy, Hartig’s exposition 
(13) (14) stands first. His classical presentation of the subject is still 
the outstanding one. We are also indebted to him for certain investiga- 
tions of the fungus in the forest. Meier’s researches and series of puUica- 
tions (30, 31, 32) constitute the most extensive general investigation of 
this subject. They provoked wide interest among (jerman foresters, and 
have had a considerable effect cm the management of pine forests in 
(jermany, as recently echoed in a paper by Rdhrig (38). Hole (16) has 
given an excellent account of Trametes Pint in Indian forests. In America, 
von Schrenk (40) studied the disease in New England, and Abbott (1) 
lias contributed an important monograph with special reference to the 
state of Vermont. Weir (46) studied ihe disease in jade pine in the 
Lake States, and Long (21) has given an account of the decay in western 
yellow pine. Boyce (2, 3, 4) and Weir and Hubert (48, 49, 50, 51) have 
made investigations of this and odier rots in virgin forests of tiie western 
United States. Percival (37) and Owens (35) (36) have recently con- 
tributed important papers on the biology of the fungns. 

3. Names 

The fruiting bodies of Trametes Pint are commonly known to woods- 
men in Ontario as “punks” or "conks.” The former term sometimes 
refers particularly to what is later described herein as a "punk knot.” 
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The rot caused by the fungus is known by various names. These* for the 
most part, are descriptive of certain stages or conditions of decay. Thus 
in Ontario decay caused by Trametes Pini goes under such names as '"red 
stain'', ‘'red rot”, “ring s<^e”, “ring rot”, “white pocket rot”, or “pecky 
white rot.” Actually these names are not strictly specific, since they are 
applied indiscriminately to decays which resemble each other more or less 
closely but which may be of quite different etiology. Thus “red stain” 
may be caused by any one of several fungi, or it may not be a pathological 
condition at all. On the other hand, “red stain”, “red rot” and “pecky 
white rot” are descriptive of successive stages of the decay caused by 
Trametes Pini. In western America Trametes Pini is commonly known as 
the “ring scale fungus,” and the rot itself is called “red ring rot,” “ring 
scale,” or “red rot,” acajrding to its condition, or as “conk rot” (2, 3). 

For the sake of clearness it seems desirable to associate the name of the 
fungus with the disease caused, and the writer suggests ** Trametes Pini 
disease” and Trametes Pini rot” as comprehensive names which he pro- 
poses to use along with such other descriptive names as may be necessary 
to identify characteristic stages or conditions. 

A lack of definite names is also apparent in the German and French 
literature. The names “Rotfaule” and “Kemfaule”, although not always 
restricted in use to decay caused by Trametes Pini, are locally employed 
with such significance. For the ring-rot condition which the fungus often 
causes in pine, the names “Ring-schale” and “Kern-schale” are often used. 
The fungus itself is generally known in the pine forest districts of Germany 
as “Kiefernbaumschwamm,” although this cognomen may mean locally the 
shoe-string fungus, Armillaria mcllea, usually called “Hallimasch” or 
“Honigpilz.” Again “Kiefenibaumschwamm” may sometimes refer to 
Trametes radiciperda, the common European root-rotting fungus of coni- 
fers. “Kiefern-Tramete” as used by Hess, and “Kieferwirrschwamm” are 
more precise. On spruce the fungus is commonly known as “Fichten- 
baumschwamm,” or more rarely “Fichten Lockerpilz.” 

In the French language there is no common specific name for the rot. 
^'Pourriture rouge” has sometimes a particular significance, but the term 
is usually qualified by further description when precision is sought. The 
word “rouge” is used to describe incipient infections caused by many 
fungi, A peculiarly interesting example is afforded in connection with the 
name “sapin rouge”. This is a designation used by French-speaking 
woodsmen in the Province of Quebec, and generally recognized by them 
as descriptive of a variety of Abies balsamea having reddish coloured heart- 
wood- Such a conditiofi is actually due usually to infection by Stereum 
smgmnalenium (6), 
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4. The Nature and Extent of Damage Caused 

The investigation of forest diseases and their interpretation for forestry 
purjwses presents i)eculiar difficulties arising in part out of the complexity 
of the forest itself, its dynamic character, long {)ersistence, and slow rate 
of development, and in i^art out of the discipline (if one may use the 
word) which the art of forestry imposes on nature by various means. 
Actually, in the virgin forest, disease plays a not unimportant, and a rela- 
tively conslatit, role, in bringing about the changes of successional develop- 
ment ; but in the managed forest, intelligence directs development towards 
a desired end, and so-callcd natural succession exists only at the discretion 
of the forester. Thus the problems of disease in the forest are related to, 
and modified by, the aims of management. In practice the forester bases 
his management on expediency. Hence a broad knowledge of the character 
and potentialities of forest diseases under various silvical conditions is 
necessary for the attainment of the greatest success. 

The wood-rot diseases, of which that caused by Trametes Pint is a 
particularly important example, constitute a peculiarly interesting group, 
'riie causal fungi are endemic, and almost without exception have dis- 
tributions coincident with the ranges of their hosts. While there is some 
tendency, })articularly in certain species, towards host specificity, nearly all 
have a wide host range, an<l nearly all of our important timber trees are 
subject to infection by several species. 

The disease caused by Trametes Pint is known as a heart rot of the 
trunks of living coniferous trees. This brief characterization is perhaps 
as correct as can he made in such a short statement, but it is both inadequate 
and somewhat misleading. Trametes Pint is definitely a parasitic fungus, 
and l)esides destroying the heart-wood of its hosts, it actually attacks 
living tissues. Moreover, although most characteristically displayed in 
mature and overmature timlxir, the disease is by no means confined to 
such, but may be pre.sent in its early stages in very young trees. It is 
necessary, also, to admit a modification of the conception of Trametes Pint 
as almost exclusively a trunk-rotting fungus; for we know that early 
infection commonly results in a typical rot in the bases of young white 
pines, and that the fungus is often the primary cause of what has been a 
very puzzling butt rot of old trees, the complete etiology of which is still 
unknown. 

The disease is characteristically non-lethal, chronic, and slow of de- 
velopment. Its destructiveness, therefore, is dependent not only on the 
incidence of infection (rate of occurrence) but on the age at which infection 
occurs, and on the length of life of the host. In the natural forest the 
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disease will finally appear in its most advanced stage. Under continuously 
uniform conditions it is truly endemic, but in the white pine forests of 
Ontario, on account of the varying circumstances (if their origin and 
persistence, the disease shows certain epidemic characters. Tlie damage 
caused consists obviouslv in the destruction or deterioration of accumulated 
wockI. The extent of damage through decay within the individual may lie 
such as to render the tree attacked practically worthless. Thus when a 
stand of timber has lieen heavily infected for a long time, its value may 
be so reduced on account of rot as to prejudice its merchantability. There 
are available considerable data with respect to the static assessment of 
damage on account of Trametes Pini disease, to which references are 
given in this iiaper. For the white pine I have given original data derived 
from certain measurements described herein. 

In addition to the losses which materialize as cull and degrade in the 
exploitation of the stands, minor damage occurs during stand development. 
The direct killing of trees is a rare but not unknown occurrence. Instances 
of windthrow and wind breakage as a result of the weakening of butt or 
stem are more frequent, though relatively less common than in the case 
of certain other rots. Much loss due to breakages in felling, however, 
must be charged against this disease. 

One other damaging influence should be mentioned, namely, the 
reported effect of the disease on seed productivity. Willis and Hofmann 
(52) found that Douglas fir trees, seriously affected by Trametes Pini 
heart rot, produced only fifty-four per cent of a full seed cro]). They 
consider it necessary for regeneration, therefore, that more seed trees 
should be retained than the usual allotment if defective trees are being 
designated for that purpose. Whether or not white pine is affected 
similarly to Douglas fir has not been discovered. 

The extent to which timber may suffer through the Trametes Pini rot 
is well illustrated by the ravages of the disease in the virgin forests of 
western North America. In old Douglas fir in the Pacific North West, 
Boyce (2) found that a twenty jxjr cent loss in volume of merchantable 
wood was general, and that most of it was due to Trametes Pini, Again, 
in the course of a more extensive investigation (3), he found that in 
certain stands, the cull amounted to fifty per cent or more, and that it was 
very commonly as much as twenty per cent. For the white pine of northern 
Idaho, Weir and Hubert (50) estimate that of the total volume of wood, 
approximately seven per cent is lost through decay. In individual stands 
the proportion is often very much greater. Trametes Pini is the cause of 
most of the loss. 
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The wide host range of the fungus has already been mentioned. For 
many of the trees attacked, no other wood rotting fungus is as destructive. 
Weir and Hubert (50), in Idaho and Montana, found it to be the worst 
enemy of the white pine, yellow pine, lodgepole pine, larch, and Engelmann 
spruce, the second worst of Douglas fir, and third of the red cedar. For 
the Pacific North-west, Boyce (2) found it the worst in Douglas fir, Sitka 
spruce, Engelmann spruce and white pine, and the second worst in larch. 

In India, Mayes (23) has noted the destructiveness of the fungus in 
forests of blue pine (Pintts excelsa) in Simla, Punjab. In certain stands 
the incidence of infection amounted to forty per cent of the trees, and even 
pole stands only forty years of age suffered to the extent of having over a 
third of their stems obviously infected, as indicated by the presence of 
sporophores. Suri (44) reports a high rate of infection in deodar in the 
Baspa valley, Bushahr, — a tree which had been considered immune, or 
highly resistant. Hole (16) considers the fungus a serious threat to the 
production of coniferous timber (especially of Pinus excelsa) in many 
Indian forest districts. 

In Europe, Trametes Pini is well known as the most destructive fungus 
of its kind in Scots pine, larch, and in spruce in certain districts. Gemlein 
(10) has described it as causing enormous damage in old pine stands, and 
as being a greater enemy of the forest than the worst insect pests. In 
certain cuttings which he studied, over thirty per cent of the trees were 
infected, and over thirty per cent of their wood was classed in the lowest 
grade on account of rot. Of the "sound wood” from infected trees, only 
thirty-eight per cent could be classed in the better grades, whereas in 
uninfected trees eighty-three per cent was so classed. On other sample 
areas the incidence of infection was equally high or higher. These data 
were considered representative of the condition of the older stands in 
many forest districts. 

Thus we cannot assume that serious losses occur only in virgin or 
wild forests. Moller’s (30) (31) extensive enquiries into the condition of 
the pine stands throughout 400 state forest districts of Germany revealed 
a surprisingly bad situation. Of 335 satisfactory replies to his question- 
naire on the extent of infection and damage, 285 indicated that there were 
serious losses from Trametes Pini in all large cuttings. In the "best 
operations” in those districts, it was usual to find up to ten per cent of the 
trees infected ; and in the “worst operations,” from fifty to sixty per cent, 
and occasionally one hundred per cent It was estimated that in those 
districts where Trametes Pini was common, 8,34 per cent of the timber 
cut was lost or seriously deteriorated. 
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Liese (18) recently listed Trametes Pini as the most destructive wood- 
rotting fungus of the pine (P. sylvestris). He states, however, that 
through constant care of pine stands in German forests, trunk rots have 
become less serious than formerly (19). But that the control of Trametes 
Pini is still a major problem in the management of pine forests in many 
districts in eastern Germany would api)ear to be the case, according to a 
recent paper by Rohrig (38). Rohrig regards the fungus as a serious 
threat to the successful management of pine for high quality timber pro- 
duction, and considers that effective control of the disease is called for. 

In Ontario, and doubtless throughout the range of eastern white pine, 
Trametes Pini is notoriously the most destructive of the wood-rotting 
fungi of that species. The same may be said of red pine, jack pine, and 
at least locally of spruce. Data on the amount of damage accruing on 
account of Trametes Pini in old stands of white pine in northern Ontario 
were collected by the writer in the course of the examination of trees felled 
at several localities. These localities, and a description of the forest stands 
in which the studies were made, are given below. 

At Ranger Lake and Little Garden River 

Ranger Lake is in the district of Algoma, Ontario, some forty-five 
miles north of Sault Ste. Marie. Until a few years ago the region was 
difficult of access, and except for recent cuttings of pine on small areas 
adjacent to the lake, the forest in the vicinity has retained its virpn 
character. The types are representative of the main forest region designated 
by Sharpe and Brodie (42) as the Algoma extension; and occurrences 
of the regional hardwood and coniferous climaxes are to be found wherever 
fire has allowed the constant formative influences to exercise their maturing 
effect uninterruptedly. The curious disposition of the soils accounts for 
the constant relationship between topography and climax type. Pine 
stands, which arc common, have attained a great age in many localities, 
and are clearly transitional. 

A number of trees inland from the south shore of Ranger Lake, com- 
ponents of an old stand of mixed wood, characteristic of the slopes, were 
cut for examination. These trees ranged in age from 152 to 350 years, 
and doubtless represent the survivors of more than one establishment. On 
the Little Garden River, some distance to the west of the lake, a number 
of trees were cut in a fairly uniform pine stand, which was established 
some 240 years ago. 

At Camp Na, 28 Cmrpentcr-Hixon Company 

This locality, situated in township 3£, Algoma, and the following, lie 
in the same forest region as Ranger Lake, and the main forest features of 
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each are much alike. The stand in wliich studies were made was doubtless 
at one time of heavy pine ; but with increasing age, through the action of 
decay and wind, the transformation to mixed wood and hardwood goes 
on. At present, ])ines u]^ to 425 years of age are to lie found standing. 
There are many dead-topped trees and standing chicots, as well as 
numerous huge trunks on the ground in various stages of decay. While 
yellow birch is becoming the dominant species, balsam fir up to 14" D.B.H, 
is not uncommon. Spruces are rare. The pine of this stand represents 
the oldest esta])lishment of that species which the writer knows. 


At Camp No, 26 Carpenter-Hixon Company 

This stand lies on the east side of the Missi.ssaga River, between the 
Wenebegon and Aubrey Falls, in Townships 3E and 4D, Algoma. It is 
of white and ret! pine, the latter species forming about ten per cent numeri- 
cally of the whole. It is rather uniform, having originated some 225 
years ago after a severe fire which destroyed the parent stand, at that 
time 175 or 200 years of age. The pine to be found to-day in the vicinity 
of Camp No. 28 is a relic of this ancient stand. The site is one which 
would ultimately develop the balsam-spruce coniferous climax, l)eing on 
the gravelly soil of a river liench. Those species are abundant as an 
understory. 


At Camp No. 2 J. R. Booth Company 

Situated at the northwest end of My Kiss Lake, Township of Preston, 
in Algonquin Park, (Ontario, this locality, as well as the following, lies 
within the Ottawa-Huron forest region (42), a region which resembles 
silvically the Algoma Extension, already referred to. The edaphic features 
of the forests here, as exhibited by ty|)e segregation topographically, are 
perhaps not as obvious, since there is less uniformity in the disposition of 
soils. There are. moreover, additional tree species in comparative abun- 
dance, including beech, basswood and hemlock. On the other hand, jack 
pine, which is common in Algoma, occurs here only locally. 

Camp No. 2 was situated on a gravelly bench slightly above the lake, 
in a region which, except for the removal of a number of the largest trees 
for square timber some forty yeans ago, was covered with virgin pine 
forest. Most of the trees ranged in age from 250 to 3{X) years. Consider- 
able windfall had occurred, but close to the lake the stand of pine was still 
very heavy. 
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At Camp No, 3 J, R, Booth Coinpanv 

This locality is in the Township of Preston, Al^jonquin Park, one mile 
northeast of the outlet of MacDougall Lake on the Oj^eonj^o River. While 
the camp itself was situated on the river flat, the stand in which the work 
was conducted was at a distance to the north, in the mixed woods on the 
slopes of the high though not precipitous liills. Towards the toj)s of the 
hills, hardwoods dominated, except on the rocky outcro]>s w'here pine of 
inferior development held its own. The present stand of pine originated 
after a fire ISO years ago which destroyed the parent trees, except a few 
individuals of large size which still remain standing. These evidently are 
of the same age, and were once doubtless co-extensivc with the stand now 
occupying the ground at Camp No. 3. 

For the volumetric studies of i*ots in the large timber at Ranger Lake 
and Little Garden River, selected trees were felled and examined thoroughly 
to determine the character and extent of the rots present, atid particularly 
to develop standards for estimating rot in the log, by measurement and 
insjiection. The procedure was to cut the tree as close to the ground as 
possible, expose all the roots for a distance of 6 to 8 feet from (he stump 
(or farther), chop through them, split the stump if necessary, or remove it 
intact in order to examine the base. The trunks were cut at about breast 
height, again at 8 feet, and successively at eight foot intervals throughout 
their lengths, or closer if deemed necessary. Many sections were split 
longitudinally. These careful and laliorious examinations were made 
primarily in order to discover the common root and butt rots c)f pine, and 
to measure the rot volumes In the trunks and determine their form. 

At the camps of the Carpentcr-Hixon Company and the J. R. Booth 
Company, the trees were examined as felled by the logging crews ; and 
measurement or estimates were made of the rot in the logs, which were cut 
12, 14 and 'J6 feet. In the case of cull logs, additional cutting was some- 
times done, and occasionally the roots of trees were exposed and examined. 

The rots have been classified as Trametes Pini rot (TP), cavity rot 
which is often initiated by Trametes Pini (C.R.), a butt rot of old trees, 
and "‘other rots.” Dead cull logs are those which are considered worthless 
by the lumberman, and consequently are not skidded. Volumes of trunks 
felled but not bucked are of course included in this category. The culling 
of logs varies according to judgment as to what may be extracted profitably 
and is dependent on the cost of transportation to the mill, as well as on 
the amount of the sound wood in the log. In practice it varies considerably. 
Thus the culling of logs in the J, R. Booth operations was rather more 
severe than in those of the Carpenter-Hixon Company. If the dead cull 
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logs rqiresent no asset, their volume should not be included in estimates 
of standing timber. I'lie “cruise cuir* factor of the tables, therefore, 
includes the total rot volume plus the volume of sound wood in dead cull 
logs. 

For the measurements, the total volume of each log was calculated by 
the Smahan formula, allowance being made in butts for flare. The volume 
of the rot in each log was calculated from measurements of basal area, and 
measurements or estimates of length and form. By definition, “rot” 
included such wood as showed “red rot”, “white pocket rot,” or worse, 
due to Trametes Pini, or their equivalent, from the standpoint of utilization, 
in other rots. Basal areas were outlined to include the rot in simple 
geometric forms. The volume of the tree from the stump to the actual 
top cut was found by summing the volumes of the component logs. The 
volume of rot of each kind for the whole tree was also found from the 
summation of rot volumes in each log. The data for dead cull logs were 
retained separately. 

Tables 7, 8, 9 and 10 summarize the data from these measurements. 

In Camp No. 3 J. R. Booth Company, 49 per cent of the trees examined 
had Trametes Pini trunk rot, and 33 per cent of them cavity rot. This was 
a comparatively young stand, originating approximately ISO years ago. 
The rot volume amounted to 9,9 per cent of the total volume of the trees, 
6.3 per cent being due to Trametes Pini. The cruise cull amoimted to 
17.8 per cent. 

In Camp No. 26, Carijenter-IIixon Company, in pine from 200 to 225 
years old, 60 per cent of the trees cut had Trametes Pini trunk rot, and 48 
per cent cavity rot. The rot volume amounted to over 16 per cent of the 
total volume, nearly all of it due to Trametes Pini, The cruise cull 
amounted to nearly a quarter of the cut. 

At Camp No. 2, J. R, I^ooth Company, in pine which ranged in age 
from 250 to 300 years, 81 per cent of the trees had Trametes Pini trunk 
rot, and 54 per cent had cavity rot, accounting for a loss of 20 per cent of 
the total volume. The volume of all rots amounted to 25*8 per cent, and 
the gross loss (cruise cull) to 45 per cent. 

Of the small number of trees cut at Ranger Lake, alt were affected by 
Trametes Pini trunk rot, and three-quarters of them by cavity rot, causing 
a Volume loss of 19.3 per cent. Other rots brought this loss to 27.3 per 
cent, and it was estimated that the gross loss (cruise cull) would be prac- 
tically SO per cent. 

At Camp No. 28 of the Carpenter-Hixon Company, in a stand with 
individual pines over 400 years old, 81 per cent of the trees had Trametes 
Pini tnink rot, and 94 per cent had cavity rot* In the trees examined there 
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was a loss on this account of 22.4 jHjr cent, which with other rots amounted 
to 28.7 per cent. The gross loss (cruise cull) was 43.1 per cent. 

A statement of the amount of rot in old standing timber does not give 
a true picture of the total damage caused by the disease in the stand, how- 
ever, for windfalls have been neglected. It is doubtless true that the sur- 
viving trees are, in general, those in which decay has made least j)rogress. 
In very old, defective pine stands the number of trees on the ground may 
be as great as the numl>cr standing. Such was the case at Camp No. 28, 
Car|)enter-Hixon Company, where many logs were being made from trunks 
that had been windthrown years ago. While the butt- and root-rotting 
fungi are of greater importance than is Trametes Pini in bringing alx>ut 
the wind-fall of pines, the latter undoubtedly contributes to it. 

5. The Svmptoms 

The presence of Trametes Pini disease is indicated by a number of 
gross signs and symptoms, including the presence of the fungus fructifica- 
tions and mycelia, localized swelling of the host as a result of abnormal 
growth, resin flow, *'punk knots” more or less extensive surface lesions, 
‘'bull grain,” and a depauperate condition of the foliage and stagnation 
of growth, indicative of starvation. One may add hollowness of the trunk, 
as indicated by sounding, and the various rot conditions of the wood. 

Fructifications and Mycelia 

The fructifications of Trametes Pini arc extremely variable. The 
largest specimen which the writer has seen, measuring 15" x 19.5" x 5", 
was collected by Dr. G. D. Darker, near Government Camp, Oregon, on 
living Tsuga heterophylla. (No. 2865 Herb. G. D. Darker. No. 3(i0, 
Pathological Herbarium Amold Arb.). Fructifications of this size are 
doubtless rare, yet in western forests, particularly on Douglas fir and hem- 
lock, they grow commonly to sizes rarely seen in the east. On eastern 
white pine, fructifications an inch or two in diameter are the commonest, 
and many may be found no larger than a quarter by half an inch. Some 
of these small fruit bodies grow larger; others do not and many perish after 
casting spores for but a single season. 

As to shape and habit, the variations include ungulate, dimidiate, con- 
chate, imbricate, and effuso-reflexed types. It should be said that although 
the environment and particularly the nature of the substratuni exert a 
strong influence in determining the character of the mature fructification, 
all differences thereof are not to be explained in that way. It is apparent 
that there exist in nature mycelia of this species which differ constitution- 
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ally. Such have been recognized by Owens (35) (36) in western American 
forests. My own collections of the fungus from eastern white pine have 
yielded cultures which differed markedly among themselves. It should 
be noted, however, that fructifications often intergradc, and that none are 
constantly characteristic of a particular mycelium. Thus Overholds (34) 
reports the finding of numerous sporophores of Trametes Pint mingled on 
the same spruce stub with those of Trametes piceinus; all, presumably, 
coming from the same mycelium. Similarly, I have repeatedly found on 
fallen white pine typical ungulate, hard fructifications of Trametes Pint, 
formed while the tree was standing, and immediately adjacent typical thin, 
reflexed almost resupinate fruit bodies of Trametes piccinus formed after 
the trunk had fallen, (kinerally streaking, fructifications on the under- 
surface of trunks and logs on the ground are of the effuso-reflexed type; 
those on standing dead trees are usually delicate, amchatc or effuso- 
imbricate ; none of these are long {lersistent, though they may .show revival 
and overgrowth, or partial overgrowth, for several years. The long jxir- 
sistent, ungulate, Fomc.y-like fructifications are those that develop slowly 
on a living host. These forms are commonly formed only on certain host 
species. They occur on white pine and particularly on the hard pines. 
Rarely if ever are they found on spruce. 

All sporojihores show certain structural and colour zonations, which 
correspond with periodic growth. Many old ones doubtless exhibit annual 
zonation, although the positive determination of the age of specimens is 
difficult,, if not im|X)ssible. The zonation observable in young fruit liodies 
is the result of unequal seasonal growth, rapid growth taking place during 
jieriods of wet weather. The writer has occasionally marked the growth 
of a single day; and where diurnal and nocturnal temperatures vary 
extremely, fine daily zones are discernible within the broader belt. 

In Trametes Pint the porous layer is organized consistently as rounded 
pores, or in configurations varying from rounded pores to labyrinthine or 
daedaloid channels. No habit type of fructification (ungulate, conchate, 
etc. ) is characterized by a particular kind of pore structure. For eicample 
an ungulate type common on living, old field pines, has extremely small, 
rounded, thick-walled pores. The ungulate type on Douglas firs usually has 
daedaloid or labryinthine pores. On spruces in Ontario we find effuso- 
reflexed types with small round pores and others with lacerate sub- 
daedaloid pores. Fructifications on nortlicm Ontario white pines vary 
greatly, but usually their i>ores are rather large and thin-walled. 

In perennial fructifications the pore layers are rarely distinct-— certainly 
not ‘*as distinct as in any other Pomes'* (Lloyd (20) ). Where overgrowth 
of the old surface from the base or elsewhere occurs, as often happens, a 
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distinct new stratum may be formed. But when growth is resumed uni- 
formly from the extremities of the trama of the previous season, no distinct 
demarcation can lie seen. The pores, of whatever shape, begin to fill with 
a delicate W(H)lly stuffing early in the fall of the current season. By the 
end of the following season it lx*comes so compact that it can scarcely lx? 
distinguished from the tissue of the trama and context. 

Setae, somewhat irregularly scattered in the hymeiiium, are usually 
abundant and just visible with a hand lens. In rapidly growing fructifica- 
tions, they arc not found close to the mouths of the pores. Th^y are large 
and thick- walled, but their cavity is continuous almost to the tip, and 
expands somewliat iust above the base. 'Fhe base occasionally extends a 
short distaiKc into the trama as a thick-wallcd hypha. Typically they are 
narrowly conical in shajie, with the base somewhat rounded ; but irregular 
shapes occur. In length they mea.sure 35-fiO u, and in greatest diameter 
740 u. 

The spores ( of which basidiosi)ores only are known ) are exceedingly 
delicate when freshly cast, and on immediate removal from w'ater collapse 
on drying. The wall is barely distinguishable at first, but a])i)ears to thicken 
slightly as the spore ages, and it acquires a pale yellowish colour. 

Very jxK^r germination in van Tieghem cells has characterized the tests 
which the writer has made with si)ores (lisjx^rsed in drops of tap water, 
distilled water, or pine wood decoction. It is interesting to note that some 
spores germinated in white ifine resin taken from a stump. The drying 
on the slide of fresh spores lx*ginning to germinate, often destroys them. 
Under observation, as the drop dries, the spores and germ tubes may 
fragment. Adding water has failed to revive them, the smallest fragments, 
on the contrary, disappearing. But even the moisture of the l>realh revives 
the drying si>ures and germ tubes, if the desiccation has not Ix^cn too pro- 
longed. 

The best germination was obtained on the surface of an agar such as 
potato-dextrose on mall agar. Percival (37) tested various agars as sub- 
strata for the germination of spores, and found many suitable. For early 
and high rates of germination he suggests that readily available sugars, 
esj)ecially maltose, arc favouraf)lc. Of considerable importance too, is the 
pH concentration of the substratum. It would seem that the optimum 
value lies between 5 and 6, and that the range which is favourable is rather 
restricted. 

The mycelium of the fungus, both in culture and in the host, consists 
of thick-walled and thin-walled hyphae, with fonns more or less inter- 
mediate and variant. Young hyphae are thin-walled, essentially hyaline 
and readily stainablc with picro-aniline blue. These hyphae arc mostly 
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cylindrical, 1-3 u in diameter, occasionally much finer, rather sparit^ly 
brandied, septate and without clamp connections. Extremely find threads 
have been observed in old cultures and in the substance of “punk knots.” 
The walls of the hyphae appear to thicken gradually with age. Occasion- 
ally there is an abrupt change from a thin-walled hypha to a thick-walled 
one on the other side of a septum. The walls of the thick-walled hyphae 
are hard, brittle, brownish-yellow and sometimes finely pitted or nodose. 
No septa are visible in such hyphae, and they do not stain with picro- 
anilinc blue. They often show irregular shapes and terminal or intercalary 
swellings, singly or in chains. Anastomoses may occur, resulting in 
sclerotioid or spore-like bodies. A helicoid growth has frequently been 
observed in the aerial mycelium of old cultures. Descriptions of the 
mycelium and mycelial mats on various media are given by Fritz (7). 

The presence of fructifications is a positive indication of Trametes Pin* 
rot in a moderately advanced to severe form. Unfortunately for diagnosis 
many infected trees rarely bear them. On a living pine, they appear only 
where dead wood is exposed, or where a connection is maintained by the 
fungus with the dead wood of the tree. Thus they are found springing 
from wounds extending to the heart wood and from the surface of dead 
sapwood, when such is contiguous with heart wood. The commonest locus 
is at a branch stub. Here they may arise directly from the wood of the 
dead branch — ^a condition whidi is comparatively rare in dense stands 
with well formed trees, but a)mmon enot^h among open-grown, branchy 
trees exposing large areas of wood at the stubs. The sporophore, when 
based on a stub, usually emerges directly from its transverse face; and the 
shorter the stub, the more favourable is the chance of sporophore formation. 
More rarely it springs from a knot in the dead branch. This has been 
observed when large dead branches have been retained whose outer wood 
near the trunk was deeply infiltrated with resin. Whenever emergence 
is from dead wood, no “punk knot” is formed there. Many sporophores 
however are based on stubs long since buried by the growh in diameter 
of the trunk. In such instances they are attached to the bark but maintain 
a connection with the heart of the tree through a “punk knot” and the 
remnants of the buried stub. Occasionally, in white pine, sporophores 
spring directly from the bark of decrepit trees ; and in such cases countless 
numbers may develop within a single season over many square feet of bark. 
Swelling — Swelling occurs in the host as a result of abnormal, hu^gely 
hyperplastic growth induced by the fungus when in or near meristematic 
tissue. It is usually localized around brandi stubs and is associated with 
the formation of “punk knots.” Swelling is commonly found around knots 
at the same whorl, or at those located vertically above one another. 
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Risin Flow — flow of resin is a symptom of considerable diagnostic 
value and is often a valuable aid in early diagnosis. The flow from vigor- 
ously developing ‘*punk knots'' is often copious, long streaks of hard oi 
soft gum extending downwards from the source. A more or less moderate 
flow often arises from covered knots, bases of stubs and open knots show- 
ing no punkiness, but in the vicinity of trunk infections. Again, there is 
often a slight flow of resin from trees which otherwise appear to be per- 
fectly healthy. Yet other trees, particularly older, slow-growing trees, in 
which the rot is well developed, may show no flow at all. 

^^Punk Knot *' — A “punk knot" is perhaps the most interesting and 
characteristic symptom of Trametes Pini disease. It is formed as a result 
of chronic infection of the phloem and periderm of the trunk and the 
stimulation of the cambium in the immediate vicinity of a branch stub. 

A mature “punk knot" consists of a mass of rather tough to friable 
brownish substance extending from the remnants of a stub often well within 
the trunk, to the exterior. It is somewhat conical in form, varying from 
an approach to the shape of the frustrum of a paraboloid to that of a 
neiloid. In transverse section it is symmetrical, usually slightly oval, with 
its long axis in the vertical plane. Its rate of taper varies greatly. Young 
“punk knots" are compact and solid with relatively little taper, and may 
enclose the stub. Old ones and those developing on older trees are often 
expansive and often somewhat hollow, forming a punk cavity rather than 
a solid core. The stub may be buried long since. 

In young trees, in the absence of resin flow and conspicuous swelling, 
it is often difficult to detect a “punk knot" externally. Careful examination 
by scraping the overlying bark will, however, usually reveal its brownish 
fungus substance ; and an axe blaze serves to expose its transverse section 
very clearly. (Fig. ’3) . 

Surface lesions — Extensive surface lesions are sometimes found on trees 
in which the disease has reached an acute stage. As already indicated 
the fungus ordinarily affects the cambial meristems in the immediate 
vicinity of branch stubs. Occasionally from such centres the fungus spreads 
laterally, involving large areas of the contiguous bark and outer wood. Such 
lesions show extraordinary pathological conditions and reveal the fungus 
in a very definitely parasitic role. These conditions include the formation 
of resin in large cysts on the face of the wood or* in cavities of necrotic 
origin, and the development of “bull grain" in adjacent wood. In dying 
trees the fungus penetrates the sapwood from beneath, and reaching the 
surface of the wood passes through the bark and fruits there freely either 
before or after the death of the trees. (Fig. 4). 

<?rofn"~“BulI grain" is a term used to describe wood which 
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shows certain marked abnumialities induced by the fungus during the 
maturation of its cells. The appearance of’ freshly exposed ‘*bull-grained*' 
wood is somewhat similar to that of burl veneer. This appearance is due 
to a curious tough-textured interweaving of the tissues of the xyleni. 
Besides the distortion of the grain, such wood is distinguished by the 
presence of abnonnally numerous and conspicuous resin canals, with which 
much parenchymatous tissue is associated. Small areas of “bull grain'* 
are commonly found around “punk knots," hut occasionally large surfaces 
of the trunk become involved. “Bull grain" does not usually extend cen- 
tripctally to any great depth ; but I have found it to comprise as many as 
twenty-five narrow annual rings. 

Holloumcss — Uollowne.ss of the trunk occurs occasionally at stump levels 
as has been noted al)ovc. This can so l)e detected sometimes by “sound- 
ing’* with an axe. 

6. Pathological Histology 

The pathological histology of infected Scots pine wood has been admir- 
ably describ(‘d by Hartig ( 14) and of spruce by von Schrenk (41). There- 
fore, in presenting this phase of the subject with reference to white pine, 1 
shall deal only with what is essentially new material, namely, evidence of 
the parasitism of Trametes Pini and such relevant destructive action of this 
organism in white pine as has not been adequately treated elsewhere. 
Evidence of parasitism of Trametes Pini in white pine is found in the 
phenomena associated with “punk knot," “bull grain," and invaded sap- 
wo(k1. 

A “punk knot” (Plate 1, fig. 3) is a pathological structure, the result 
of chronic infection in the vicinity of cambial meristems. It is thus indica- 
tive of parasitism, and is actually developed only on a living tree. Such 
infections are not isohated, but are continuous with infection in the trunk 
and are apjxircntly dci)endetJt Uicreon for initiation. The fungus, emerging 
from the heartwood through the sleeve of resinous debris surrounding a 
dead stub becomes established in tlie outer bark of the trunk, with which 
the sleeve is continuous, and maintains itself tliere, apparently in an effort 
to fruit. 

The “punk knot” substance is composed of fungus hyphae together 
with necrotic host tissue which is gradually consumed. The central part 
or core consists largely of tangleil yellow hyphae with some hyaline threads 
intermingleil, in which may be embedded fragments of dead bark or farther 
inwards of wood of the branch stub. Peripherally to the core at the distal 
part of the “punk knot," arc to be found islands of tissues in various stages 
of destruction, in a matrix of tangled fungus hyphae of the usual type, and 
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in Addition bulbous and sclerotioid hyphal elements. This tissue is derived 
from the cambium and living phloem. At the margin of the “punk knot/' 
the region of invasion, the living phloem is conspicuously thick and s})ongy. 
Rays arc large and numerous and resin production is copious. The influ- 
ence of the fungus is apparently stimulative, though finally lethal. In this 
region we<iges of compacted hulhous elements of the fungus, of both thick- 
and thin-walled ty])es, and small almost amorphous masses or tongues 
camjKiscd of fine hyaline hyphae occur, and such aj>pear to be the invasive 
agents in the living jdiloem. More or less organized mycelial formations 
also occur in the dead l)ark. That the cambium is actually invaded was 
proved by the examination of a “punk knot" specimen collected late in the 
fall. Hyphae were detected among the last formed cells of the wood, 
apparently the cause of a .slight separation of these elements. In the 
proximate j)hloeni, which was remarkably disturl)ed, there were a few 
isolated and disoriented tracheids. 

“Bull grain" wood derives its character as a result of abnormal growth 
of the xylem. It has been found only in instances of severe trunk infec- 
tions, and in association with punk knots, The tracheids of such wood 
arc shorter and thicker and have more pits than is normal, particularly in 
their tangential walls. Their direction of elongation varies and is not 
common even among neighlK)uring cells. The tissues do not display their 
normal symmetry, a result of disturbance of the normal polarity of the 
growing cells. In the vicinity of resin canals it is not uncommon to find 
tracheary elements which have segmented (TMate 1, figs. 10, 12). These 
seem often to have died prematurely, as indicated by the occurrence of 
residues of protoplasm and encrustations within. A feature of considerable 
interest is the occurrence of inflated ray cells and of tyloses in tracheids of 
such wood. Many ray cells exhibit this tendency to inflate, and in some 
instances the nucleus passes into the inflated part. (Plate 1, fig. 10). 
Instances of considerable extension of tyloses in tracheids were observed. 
(Plate 1, figs. 11, 12). In "bull grain" wood, hyphae have been detected 
in contact with living epithelial cells surrounding resin canals. Such 
hyphae were hyaline, rather fine and sparsely distrilnited. Irregular thick- 
walled sclerotioid hyphal elements were observed in adjacent dead or dying 
cells. At the periphery of ''punk knots," I have observed infection of the 
cambial region, and the invasion intra- and intercellularly of the late wood 
of the current season. Such infections are apparently the 'cause of a local 
development of "bull grain" in the wood of the following spring. Small 
isolated patches of "bull grain" have been observed in the spring wood of 
five consecutive rings, the last of which (that of the airrent season) 
exhibited infection of the late summer wood and cambium. 
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Whether or not the fungus invades normal sapwood from an underlying 
heart infection is a question on which there have been differences of 
opinion. Hartig held at first that only heartwood was susceptible, though 
later he admitted that “functionlcss” sapwood also was susceptible. Von 
Schrenk (41) stated that hyphae enter the sapwood of spruce, hemlodc, 
fir and larch, but not of pine.* Perdval (28) did not find the fungus in 
the living sapwood of infected spruce, though in wood only eleven years 
old he detected hyphae approaching within two annual rings of nucleated 
parenchyma cells. Nevertheless he regards the fungus as a saprophyte in 
spruce. 

The present writer has never found hyphae from beneath coming in 
actual contact with living cells in normal sapwood. But eveiywhere there 
seems to be action in advance, resulting in death of cells a short distance 
removed from the mycelia In instances of severe trunk infections in white 
pine, it can hardly be doubted that the sapwood dies prematurely and is 
invaded by the fungus. The writer has seen infected trees in udiich the 
white living sapwood was reduced to an exceedingly thin sheath, in places 
scarcely more than a millimetre thick. Wood immediately beneath this zone 
becomes slightly pinkish orange in colour, resembling heart wood. It is 
apparent, however, that it is pathological. In such wood the epithelia of 
the large vertical resin canals still contain living cells, but many have died 
or are dying and enclose drops of “wound gum” or lumps of yellowish 
decomposition products. The walls of such cells are pale yellow or brown- 
ish in colour. The epithelial cells of horizontal resin canals are among the 
first to .show these changes. Bordering this zone inwards there is dark, 
reddish, resinous wood, in which only a few nucleated parenchyma cells 
are to be found and these are obviously dying. Here hyphae of the fungus 
occur in profusion, not uniformly distributed, but thickly congregated in 
some areas and .scarce or absent in others. Ray parenchyma cells seem 
to be particularly favoured, though many tracheids are almost plugged with 
hyphae. H 3 rphae occurring in this zone, in cells that appeared to have died 
only recently, were observed approaching within 0.5 mm. of living 
parenchyma and were only 2mm. from the cambium. 

In view of the regular occurrence of "punk knot,” the development of 
**bull grain” in wood and the constant assodation of pathological conditions 
peripherally with heavy infection in the heart, it is reasonable to conclude 
diat Trometes Pint is parasitic on white pine. 

7, Form and Character of the Rot 

Trometes Pint rot is either of the butt or bole of the tree. Iwlated 
infections occur oixasionally in the larger limbs of old trees, which infec- 
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tious develop within a more restricted locus similarly to those within the 
trunk. 

The butt rot commonly found in old trees, usually originates as a branch 
stub infection when the tree is comparatively young, and passes through 
stages which arc typical of the rot in the trunk, imtil in time the fungus 
dies out, and the decayed part is colonized by other fungi, which modify 
to some extent the original character of the rot. To this rot the distinctive 
name of ‘'cavity rot” is given. “Cavity rot” is typical in form, extending 
upwards and downwards from the point of greatest diameter in the stumj), 
as cones on a common base. The upward extension is considerably greater 
than the lower, which ends blindly in the base of the stump, or penetrates 
large roots a short distance. The rot extends to a height of three to six 
feet, occasionally more in large trees. Its centre is hollow, or partly filled 
with delaminated and fragmented wood, a mass of material which resembles 
somewhat wood in the advanced Trametes Pini rot condition as found in 
trunks. Beyond this central part is a zone of honeyK:oml>ed wood, which 
shows pocketing in an advanced stage. This zone ends rather abruptly in 
a pinkish border and passes sharply into the sound wood. 

In old white pine trees it is unusual to find external symptoms of 
“cavity rot.” In studying this rot, many cultures were made from affected 
wood in the stumps, but it was only rarely that Trametes Pini was isolated. 
It is clear that the fungus dies out in the butt when the trees reach an 
advanced age. This is confirmed by the finding of dead and completely 
buried “punk knots” in the butts of a few old trees whose stumps were 
examined very thoroughly. Non-progressive basal infections, with prac- 
tically stagnant “punk knots” were found in many trees approaching 200 
years of age. 

What is apparently the same kind of butt rot has been noted by Weir 
and Hubert (50) in western white pine. Boyce (3) states that in this 
species red ring rot caused by Trametes Pini is commonly confined to the 
butt or first log. A study of Trametes Pini in young stands of western 
white pine would doubtless show that, as in the case of the eastern si)ecies, 
these infections originate at an early age, and assume the distinctive char- 
acter of “cavity rot” only when the tree has become old. 

The rot in the trunk exhibits itself according to its state of development 
as red stain, red rot, white pocket rot, or advanced Trametes Pini rot. In 
form or shape Ac rot assiunes Ae character of ring rot or ring shake, 
finger or streak rot, or uniform rot. 

Red stain is found at Ae margins of all infections, and in individuals 
niay involve large volumes of wood. Wide-ringed and branchy trees show 
a preponderance of red stain and red rot, due, probably, to the comparatively 
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rapid growth of the fungus in such trees. White pocket rot is more con- 
spicuously characteristic of some other sjiecies than it is of white pine, but 
it is often well disiilaycd. particularly in large trees in which the rot is 
uniform in type. In advanced rot the characteristic white ix)ckets have 
disappeared, and the wood has become honey-combed and somewhat friable. 

The form which the rot takes in the bole is dependent in part on the 
manner of infection. Early infection, above the butt, through small branch 
stubs, usually leads to its development uniformly in the heart, when the tree 
reaches large size. Infections through wood near the periphery of large 
stubs develop in an eccentric {position in the bole, and tend frequently to 
follow the course of one or a few annual rings, leading to ring rot. Finger 
rot originates similarly, or from basal infections, the fungus growing up 
into the Ixile through rather restricted volumes of wood. It api^ears on the 
ends of logs as irregular patches, and in boards as streaks or fingers of 
decayed wood. The extremities of rot. which is uniform in the central 
part, are often of the finger type. 

8. The Deteciion ok Infected Trees 

The identification of infected trees in the forest is a matter of practical 
importance in timber estimating or for disease control. Diicsberg (5) in 
Germany, referring to the making of sanitation thinnings in pole stands of 
Scots pine, says that skilled men arc highly successful in detecting infected 
trees on the basis of “punk knot** symptoms alone. Boyce (4) claims 
that it is easy to detect living Douglas firs affected with Trametes Pint rot, 
and that it is even possible to make reasonably good estimates of the amount 
of rot in standing trees. A more difficult problem in this connection exists 
with resjiect to white pine in eastern America. 

The identification of infected trees is dependent on ability to detect 
specific symptoms, and for practical purposes, examination must be made 
from the ground. The symptoms associated with ''general appearance” 
referred to by Abbott (1) are not at all specific, and are exhibited only 
in the most advanced stages of this disease. The symptoms of practical 
use for diagnosis are the presence of fruit bodies, "punk knot” and the 
associated swelling, and resin flow. Hollowness, as indicated by sounding, 
is sometimes useful. The condition of borings taken from the trunk is often 
helpful in diagnosis, but this examination is laborious, and only the lower 
part of the trunk is easily accessible. 

Although often rare in white pine, as pointed out in the section of thia 
paper dealing with the fruiting habits of the fungus, the occurrence of 
sporophores is one of the most useful indications of the presence and extent 
of rot in stands. But many affected trees arc without sporophores and, if 
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present, the latter are often of such small size and so well hidden from an 
observer on the ground as to pass unnoticed. Yet tlic rate of occurrence 
and position of sporophores, in the light of knowledge of the age of the 
stand, helps greatly in estimating cull. Fructificalifins an* most abundant 
when a a^rtain stage of development of the disease has been attained. 
Early infection of the trees contributes towards the formation of fruit 
bodies low down on the trunks. It is imix>ssib]e to state in general at 
what period during the life of a .stand fruit Iwidies will be most abundant, 
for this ivS dependent on the silvical character of the stand and on when it 
became infected. The rate of development of rot in the trunk is largely 
deix*ndent on the character of the wood, particularly the width of ring. 
In Northern Ontario, under the fairly uniform growing conditions of 
virgin stands, where the trees have been exposed to infection from an early 
age, sporophores arc most abundant on trees from 125 to 175 years old. 
On very old trees, sporophores are exceedingly rare, particularly on the 
lower part of the trunk. 

‘Tunk knots'' often indicate rot when sporophores are lacking. The 
punk substance itself can rarely be observed without choptjing off tlie cover- 
ing bark, but the pronounced sw'elHng over the knot, with its abnormal bark 
Assuring and often copious resin flow, are conspicuous enough, when well 
developed, to be seen Iiigh on the trunk. These symptoms are most con- 
spicuously shown by vigorous trees in which rol is well (lcvelo])cd, during 
the period in which fruiting is most abundant. The normal swelling around 
large stubs almost covered by overgrowth is very deceiving and may easily 
be mistaken for a pathological symptom, when close observation is not pos- 
sible. Similarly, exudation of resin from around branch stubs often occurs 
moderately in trees which are apparently perfectly healthy. It is by no 
means a specific symptom of Trametes Pint rot. 

9. Fruiting Habits of Trametes Pini and their Significance 

Since the spread of Trametes Pini is dependent almost entirely on the 
dissemination of spores from the well known fructifications, the fruiting 
habits of the fungus are of critical importance with respect to the occur- 
rence of the disease in the forest. From the standpoint of control, there- 
fore, h is essential to know for any given region in which control is to be 
attempted, just when and where the fructifications are produced. This 
raised no problem for Boyce (2) in I^mglas fir stands, Weir and Hubert 
(SO) in western white pine stands, or Hole (16) in Pinus excelsa stands, 
because in them fructifications were found in great abundance on affected 
trees. But such experiences are not universally true, for there are regions 
in which Trametes Pini rot is common, and at the same time the fructifica- 
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tions of Trametes Pini apparently very rare. Such is the case in norihefn 
Ontario where on the vast majority of diseased pines no fructifications are 
to be found. The existence of this situation was suspected by the writer 
from casual observation in many white pine stands in the north and the 
inspection of thousands of newly made logs in the woods. It is proved hy 
the careful examination of many trees. 

In table No. 5a are given data on the occurrence of Trametes Pini 
fructifications on living white pine in several localities in northern Ontario. 
A summary statement, may be made as follows : Of 2,307 trees examined, 
ranging in age from 30 to 429 years, of which more than 257 were certainly 
infected, only 28 bore sporophores, — for the most part of very small si«. 
Of the 30 infected trees on the plots, only 1 bore a single small fructifica- 
tion. At localities 2 and 3, of nearly 1,400 trees examined, only 4 bore 
fructifications. The incidence of infection is unknown, but assuming it 
to be the same as in the plots, less than 1 tree in 50 bore the fungus in 
fruit. Of 90 trees 88 to 150 years old examined as cut at locality 8, 44 
were found badly decayed, but none bore sporophores. Of 138 trees cut 
in very old stands at localities 9, 10, 11 and 12, 100 were decayed, but only 
3 bore sporophores. Indeed sporophores on living pine were exceedingly 
rare in all stands in Ontario examined by the writer except in the Little 
Nipissing Valley and at Tilden Lake. At the former locality of 100 trees 
selected at random and examined from the ground, of which at least 42 
were decayed, 5 bore a total of 8 sporophores. At Tilden Lake, of 52 
trees examined at least 30 of whidi were decayed, 12 bore a total of 19 
sporophores. 

It is difficult to reconcile the usual scarcity of fructifications on the 
trees with the heavy incidence of rot commonly found. One is led to 
suspect that the fungus fruits more abundantly somewhere in the forest 
other than on the trunks of standing pine. A number of windfalls and 
cull logs of pine were examined, therefore, to discover whether die fungus 
fruited on them, and for what period of time sudi material might serve 
as a source of inoculum. It was found that prolific crops of ^XNOphores 
were produced from such infected dead wood, and diat indeed, tins 
material constituted the chief foci from which inoculum was dispersed over 
long periods of time. From detailed notes of field ol»ervations, the salient 
features of the fruiting habits of the fungus in dead wood may be sum- 
marized as follows: (1) With rare exceptions only the trunks or logs of 
infected trees are able to support sporophores. "Wbeaever they have been 
found on branches (only in the case spruce) the latter h^ not been 
severed from the trunk, and the rot was continuous tiiroughout. Thus 
loj^ng slash (small material) has Httle if any importance as a source of 
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inoculum. (2) Most of the fruit bodies appear on the under side of 
infected logs or fallen trunks especially during the first few years, and they 
can be discovered there only by rolling the logs over. If adequate shade 
exists or is established through the growth of vegetation, sporophores 
commonly appear on the ends of the logs, on their sides, and rarely on 
their upper surface. Logs exposed to direct sunlight and drying influences 
produce few if any sporophores. Thus those that are left on rocky terrain, 
or are lodged high, are likely to produce few, while those left in contact 
with the soil in shaded situations surrounded by vegetation arc likely to 
produce many. (3) SpCirophores issue through the bark at any part of 
the surface of a log, the first usually appearing in the neighbourhood of 
stubs or covered knots. Comparatively few issue from “punk knots“, the 
site of nearly all sporophores found on living trees. (4> The presence 
of friable brown rot and other rots appears to Ix; inimical to a vigorous 
development of Trametes Pini, (5) Fruiting on cull logs begins as early 
as the summer following cutting, and attains a maximum intensity within 
a few years, but may persist for over 20 years if the logs arc large. 

In mixed conifer stands windthrown spruce may harbour most of the 
fungus fructifications, and may l)e the chief source of inoculum. This 
was suspected at Ranger Lake, where the majority of pines were diseased, 
yet carried very few fungus fructifications. Windthrown pines were scarce, 
and none were found on the area studied intensively. Spruce, on the 
other hand, occurring in admixture with pine, and locally in pure stands 
of small size, had suffered considerably from windthrow and wind break- 
age, and many trunks and stubs of that host were found bearing sporo- 
phores profusely. Indeed, the most luxuriant growth of sporophores which 
the writer has seen was on a 14" spruce trunk which had been four years 
on the ground. The tree was rotted almost throughout, decay extending 
even into the small branches. The underside of the trunk was literally 
covered with fructifications of which 92 were counted, the largest an effuso- 
reflexed mass, measuring 14" x 4". Many small sporophores were growing 
on branches less than one inch in diameter. While it has not been proven 
that spores from a fructification of Trametes Pini on spruce may infect 
pine, there is a strong circumstantial evidence that such is the case. 
Although various strains of the fungus exist in nature, as shown by the 
cultural characters of different mycelia it is not at all certain that these 
are strongly host specialized. 

Pine stands in northern Ontario have as a rule followed fire. Thus 
they grow to maturity roughly even aged, and are dependent on catas- 
trophic change for their regeneration. If fire docs not occur, there is a 
gradual transition to other types on most sites. In old stands, therefore. 
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in which the fungus has become established, there is no difficulty in 
explaining the occurrence of infection currently; for the fungus is to be 
found in fruit abundantly on fallen trees, and less commonly on those 
standing. Bui in young stands whose trees do not bear sporophores, it is 
imiKjssiblc to account for the occurrence of rot on the basis of self-infection. 

Observations by tlie writer at MePhee Lake, in the North Bay district 
of Ontario, indicate that the destruction of an old stand by fire initiates a 
long i>eriod of excessive fruiting by the fungus, which may persist until 
the reproduction has l>ecome susceptible to infection. At this locality 
an extensive fire had occurred 18 years earlier. The original stand had 
been chiefly of pine 12 to 20 inches in diameter, and from 150 to 160 
years old. The fire was severe, and most of the trees had been killed. 
Here and there, however, individuals, or small groups survived, and some 
still remained green (among the more numerous standing dead trunks) 
at the time of examination. Windfall of dead and living trees had been 
continuous since the fire. A number of fallen trunks were examined for 
fruit bodies of Trametes Pini, and these were found in abundance, particu- 
larly on the more recently fallen green trees. Sporophores were found, 
however, on trunks which had been on the ground at least IS years. It 
was clear that a grand fruiting period was still in progress throughout the 
area, and that it would continue for some time. Among the reproduction, 
the largest pines had already attained an age at which they might Ixscome 
infected. 

The Bissetts plots (see addendum No. 1) are representative of stands 
which originated after a severe and widespread fire some 60 years ago. 
No large pines are to be found now within a distance of several miles. 
Fructifications of Trametes Pini arc exceedingly rare on the trees, and it 
is quite certain that until recently there could have been none at all. Yet 
nearly 20 per cent of the trees on the plots were infected, many of the 
infections being of long standing. 

These investigations of the fruiting of the fungus in the forest reveal 
a number of features of prime pathological importance. In white pine the 
death of the host results in an enormous increase in the abundance of 
fructifications of the fungus. Grand fruiting periods occur whenever large 
quantities of infected timber are brought to the ground, as following the 
destruction of an old stand by fire, or subsequent to logging operations in 
which much infected limber is felled and left in the wo^s. These periods 
arc of long duration, and are of prime importance in the spread of the 
disease. They are particularly significant with respect to infection in’ 
young stands. One is led to the conclusion that in northern Ontario the 
disease passes to the new stands through the agency of spores from fructifi- 
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cations home on infected debris resulting from the destruction of the old. 
Further evidence that such transmission occurs is offered in those sections 
of this paper dealing with infection courts, the age at whicli infection occurs, 
and infection in relation to tree class. 

10. Periodicity of Sporulation 

According to my own observations, the casting of spores from the 
fructifications of Trametes Pini is characterized by fairly well-marked 
season periodicity, with sporulation most active in spring and fall. Thus 
at Petersham, Massachusetts, spore traps were continuously maintained 
throughout an entire yeai beneath protected sporophores on a living white 
pine and examined at intervals for spore dej)osit. Throughout the first 
summer collections were made at approximately weekly intervals, but 
during the wantcr and the following spring and summer, collections were 
more irregular. The vigour of sporulation was estimated comparatively 
in four degrees. These data arc shown in Table No. 4. During the first 
summer, jiractically no sjiorulation took place until late August. It was 
greatly accelerated during the wet weather in the fall, reachitig a maximum 
in October and Novcmlier. From the end of Noveml)er until A|)ril, there 
was a cessation of sporulation except for a revival in mid-winter {late 
December and early January). This was due to the influence of mild 
weather and rains, w^hich thawed the sporophores and doubtless iiuluced a 
cast at the expeiivse of accumulated reserves in the fructification— a cast 
such as one may induce at almost any time from a fleshly detached s]F)ro- 
phorc. Further sporulation did not take place till April, and it was 
gradually resumed after a gcxid many days of warm weather. Next 
summer there was rather more activity in spore casting than during the 
same season of the previous year, a result which may have been incident 
to the greater rainfall. 

Again at Achray, ( )ntario, during the month of September, after frosts, 
spore traps were set under sporophores on tlie side of a dead white pine 
trunk on the ground, and examined periodically. During the dry wcatlier 
of the early part of the month, a light .sixire cast took jdace a few times at 
night, but it was not until after the commencement of heavy rains which 
continued intermittently for a week, that sporulation became very active. 

Percival (37) found a very jwonoimced seasonal periodicity in the 
cast from sporophores at Jamesvillc, N.Y. In the course of a year, the 
rate of sporulation reached strikingly high peaks during the first half of 
May and the last half of Novemlier. Throughout Deceinher, January, 
February and March, if occurring at all, sporulation was very li?^ht. It 
ceased completely, however, only during seven weeks of the winter. 
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During the summer its average intensity measured only about one fifteendi 
of that attained at the maxima in spring and late fall. 

These observations with respect to sporulation, bear out in part 
Holler’s (50) conclusion that the casting of spores might occur at any 
time of the year, but that it was most active in fall and winter, and com- 
paratively scanty during the summer. By removing the sporophores from 
the trees, and obtaining the cast in the laboratory Holler proved the 
potentiality of the fungus to sporulate in the winter. In climates where 
the winter temperatures are almost constantly below freezing, one could 
hardly expect much sporulation to occur in winter ; but that it does occur 
at surprisingly low temperatures is shown by trap records in the field and 
by the following experiments of the writer with sporophores held in cold 
diambers in the laboratory. 

On April 22nd a large bracket fructification, which was sporulating 
naturally, was taken from a pine at Petersham and brought to the labora- 
toiy. On the 24th, by which time it had dried somewhat, and had ceased 
to cast, it was placed in cold water for an hour and then set up in an ice 
box at 0“ C. After 42 hours it was placed at a temperature of 4“ C, and 
six hours later at 8* C. After remaining in this box for 42 hours, sporula- 
tion was quite active, the fructification was removed again to the 4“ 
chamber where it continued to cast for 19 hours. It was then placed at 
0® C, and after four hours its activity had almost ceased. Placed again 
in the 4® C box, it continued to cast spores very lightly for 44 hours, and 
then stopped definitely. No further activity cotdd be induced at any 
temperature. 

A similar sporophore collected at the same time as the first, instead of 
being refrigerated, was placed under a bell jar above a water surface at the 
temperature of the laboratory. After 40 hours sporulation was active 
and it continued so for 12 hours, when it became perceptibly less. During 
the next 50 hours it was very light and then ceased definitely. Another 
fructification was allowed to dry in the laboratory until June 15th, when 
it was soaked in cold water for two hours, and then placed under a beU 
jar. After only six hours sporulation commenced and continued rather 
ligjitly for 18 hours. The discharge was then somewhat heavier for a 
period of 12 hours when it began to diminish, continuing, however, at a 
reduced rate for approximately 24 hours. 

The first specimen, two days after collection, after soaking, required 
an induction period of 90 hours at temperatures of 0® C to 8” C before 
sporulation commenced. Having started, sporulation continued for 72 
hours at temperatures never above 8® C. The second specimen, kept 
throughout at the laboratory temperature of 70® to 80® F, was induced to 
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sporulate 40 hours after soaking, and continued for 62 hours. The third 
specimen, air-dried for three weeks, began to sporulate at laboratory 
temperature six hours after soaking, and continued for 54 hours. 

It seems not improbable that the cessation of spore casting by detached 
sporophores is due to the exhaustion of protoplasm available for si>ores. 
Similarly, one is inclined to believe that in cold climates, while a winter 
thaw may induce a single period of sporulation, such is at the expense of 
the sporophore itself, which soon becomes exhausted ; and further activity 
is prevented on account of the mycelium in the tree being quite inactive. 
The slow thawing of the trunks of large trees might also explain the 
apparent tardiness of sporulation in the spring. 

11. Sporophore Production in Culture 

No success has attended the writer’s attempts to induce the develop- 
ment of sporophores on agar in intro. Two dozen cultures of different 
origin on potato-dextrose agar and malt-agar in 1J4 inch tubes, were held 
in the laboratory for a period of 18 months, by which time they had become 
quite dry. No fructifications had formed, although there was a heaping 
up of mycelium into cushion-like masses in many of the tubes. Nor did 
any sporophores develop during the course of over two years on small 
bolts of pine showing red rot and some white pocket rot, which had been 
taken from living trees, brought to the greenhouse, and set up in shallow 
pans of water. Percival (37), however, reports the development of 
^Rudimentary sporophores” in flask cultures on small blocks of Picca rubra, 
Abies balsamea, and Larix larictna, Fritz and Rochester (8) have noted 
the formation of sporophores on jack pine blocks in flasks, eight months 
after inoculation. 

12. Inoculation and Infection Courts 

The fungus is dispersed by means of basidiosixjres which are wind- 
bome to the infection courts. Weir (45), having observed that ants and 
bees frequently inhabit the rotted trunks, and that bees often rest on the 
surface of sporophores, has suggested the possibility of insect carriers. To 
account for rot of the cavity type, confined to butts and large roots, soil- 
bome infection or infection through contact of diseased with healthy roots 
has often been proposed. As a matter of fact, only one instance of the 
latter has been proved, a case in which the mycelium of the fungus passed 
from one deodar to another through a natural graft of the roots (17). In 
white pine such instances must be rare, if indeed they occur at all ; for in 
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this species the fungus is never found in small roots far from the stump, 
and grafts between individuals are not at all common. Moller (30) and 
Hole (16) have jjroved the preponderance of wind-bonic infection for the 
regions in which they worked, and there appears to be no reason for think- 
ing it otherwise elsewhere. They were not concerned particularly with 
cavity rot, however, and it has always been infections of this tyfie which 
have been difficult to recognize as of wind-!3orne origin. Such infections 
have in the past been the subject of disagreement and misunderstanding. 
Actually, there is a very simple explanation of the cause of cavity rot, 
which admits wind as the disseminating agent of the pathogen, and the 
branch stub as the usual court. 

Argument has centred around the question of the infection court. 
Runnebauni (30) voiced an opinion, apparently rather widely held among 
German foresters in opiK)siti()n to Mdller’s insistence on branch stub 
infection, that infectiim took place through the roots. According to his 
exix^riencc, jnost of the fructifications of the fungus on the trunks of Scots 
pine occurred close to the ground, and the rot was often confined to the 
lower trunk and roots. Moreover, such rot was frequently found in trees, 
the .stubs of which, on the basal part, had long since been completely over- 
grown, Runnebauni did not deny the occurrence of branch stub infection, 
but held that infection through the roots might l)e very common. In 
support of his contention, he descrilied a stand in which he claimed that of 
seventy diseased trees, fifty had been infected through the roots. 

In America lledgcock (15) observed Trametes Pini rot in roots and 
said that it was apparently communicated from tree to tree underground 
through contact of diseastd with healthy roots. Sher Singh (43) expresses 
the opinion that in deodar forests, where the disease is said to be common 
in the butts, infection takes ])lace underground. The present writer 
agrees that Trametes Pirn njt is common in the hulls of trees. Under 
certain circumstances it is a i)revalent condition among young trees, and 
in old trees it assumes a distinctive character as “cavity rot.” The infection 
courts are not in the nxjts, however, but at the basal branch stubs of young 
trees. 

Infection originating at large branch stubs in the mid-trunk section 
of older trees, has long been recognized, and that it is ot common occur- 
rence cannot l>e doubted. In mature western white pine Weir and Hubert 
(50) found slightly over seventy-five per cent of infections originating at 
such courts. Boyce (2) says tliat in the Pacific northwest, practically all 
infections are through branch stubs or knots. Again (4) he records that 
in certain stands of mature Douglas fir, eighty-three per cent of Trametes 
Pini infections were through the branch stubs. The present writer has 
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found that in mature white pine there is, with increasin^j age, greater 
mechanical damage in the crown, and that crown infections are commoner 
in very old trees than in those younger. On the other liatul, in such 
timber recent trunk infections are practically unknown, on account of the 
almost complete protection afforded by covering of the stubs, and the 
heavy bark. 

Our knowledge of tlie trunk rots has heretofore l)een derived largely 
from the examination of mature trees felled in the course of logging opera- 
tions. Little attentiim has l)ecn given to branch stub infection in young 
trees, and particularly in the butts of young trees, where they first become 
susceptible. As far as branch stub infection is concerned, we should 
envisage a zone of susceptibility beginning in young trees at the ground 
level, increasing in width, and passing slowly tipwards as the growth of 
the trunk covers the stubs. 

The young pines studied by the writer were mostly between fifty and 
sixty years of age, and had l>oles clear of living branches to a height of 
thirteen feet or more. Among the diseased trees the shortest clear trunk 
was 13.5 feet and the longest 30.0 feet, measurement being taken to the 
lowest green branch. Nearly all these trees still retained some dead 
branches almost to the ground. The branches at the \ory slump, formed 
as laterals of trees only a few years old, were in most cases completely 
covered, after having l)een broken off; but occasionally only three or four 
inches above ground, very small branches one-tenth to one-half inch in 
diameter still projected from the trunk. 1'he butts of these trees were 
rapidly reaching a condition, however, when owing to coverage of all 
stubs they would be completely protected against .such infection there. 

Of the tliirty diseased individuals among the 189 living while i)ines 
examined on infected plots, there were thirty-nine separate infections, 
possibly a few more. Fifty-seven per cent of all infections had with 
certainty taken place through branch stubs. Adding those cases in which 
it is very probable that infection took place in that way, the percentage is 
seventy-seven. The concentration of infections in butts was most marked; 
over a third of them originated within two feet of the ground, and two- 
thirds of them lielow breast height. The remainder were scattered at 
various points higher up on the trunks, two occurring above the lowest 
green bough, through the stubs of very small dead twigs. 

While the precise conditions that control branch stub infection are 
still unknown, some interesting data bearing on this subject arc to hand. 
As already pointed out, many infections had taken place below two feet, 
through very small branches. Branch stub infections (K. in Table No. 3) 
were identified by the presence of a “punk knot” connected with the main 



so 


Transactions of the Royal Canadian Institute 



Fig. 1. Character and locus of infection courts, and position of rot in trunks. 
Scale : 1 inch = 14 feet. Plot trees. 


Legend 

O Branch stub (with “punk knot'") 

^ Branch stub (with no “punk knot”) 
0 Wound 
0 Wccvilcd top 

0 Unknown (probably branch stub) 

— Position of lowest green branch 

1 Position of rot in trunk 
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body of decay in tlie tree, to which there was no other avenue approaching 
from the outside. It is unusual to find in forest grown pines branches of 
more than one-half inch diameter less than two feet from the ground. 
While under the conditions of natural reproduction, individuals will vary 
considerably in regard to trunk clearing in the seedling and sapling stages, 
it is common to find seedlings eight or ten inches high, in which the lower- 
most laterals an inch or more in length, are already dead or dying, pre- 
sumably through natural physiological causes. By the time the tree is 
eight or ten feet high, these lowermost hranchlets may already \k covered 
with wood ; but about a foot or less from the ground there are to l)e found 
numbers of laterals, perhaps four to eight inches long, and about onc-tenth 
inch in diameter. Many of these, after death, if not actually pinched off 
by the constricting pressure of the surrounding growing region, are com- 
pressed, and become so brittle that the slightest accident will remove them. 
In nature, many of these small branches are broken off a few years after 
dying. Doubtless the accumulation of snow and ice on them in winter is 
a not unimportant influence. Higher up the trunk the dead laterals are 
naturally larger, so that in forest grown pines at breast height, they are 
commonly from a quarter to half an inch in diameter, and of course much 
larger if the trees have grown in the open. It is very common, however, 
to find at the whorls among these larger branches, a few small twigs no 
more than onc-tenth inch in diameter. Among dominant trees in any 
dose-grown forest stand of pines, there will be few branches below breast 
height which have lived more than eight or ten years. Indeed five or six 
years seem to be more common ages. It is through these and smaller 
branch stubs that infection of the butts takes place. Many trees were 
found which had been infected through stubs one-quarter inch or less in 
diameter, which had no more than five annual rings. In all such cases 
found, infection had taken place tlirough a broken stub, or at any rate 
through one which at the time of examination was so short that it did not 
project beyond the surface of the trunk. A few infections had taken place 
through extremely small stubs, in which cases it was impossible to deter- 
mine whether breakage had occurred or not. Tree No. 26, Plot 5, a co- 
dominant 53 years of age, had been infected through a stub only one- 
twentieth inch in diameter, four inches above the ground. 

A few infections were found in which it seemed altogether probable that 
branch stubs had been the means whereby the fungus had entered, but on 
account of the absence of a ^'punk knot"' or other definite indication, they 
were not identified positively as branch stub infections. These arc indi- 
cated in Table No. 3 as (K). For instance, in the case of tree No. 19, 
Plot 1, an intermediate 49 years old, an infection was centred around a 
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branch stub 0.5 feet from the ground, with no other apparent avenue of 
ingress. The stub, which was about one-eighth inch in diameter showed a 
reddish stain characteristic of Trametes Fini decay in its early stage, and 
there was a slight flow of resin from the base of the stub down the trunk. 

Again, in a few cases it was impossible to identify the infection court 
at all. Sudi are indicated in Table No. 3 by (?), and include infections 
in tree 30 in Plot No. 2, and 37 in Plot No. 4. In these cases there were 
no “punk knots", or any apparent decay in the knots in closest proximity 
to the centre of infection. Yet it seemed probable, from the position and 
character of the rot in the trunks that infection had taken place through 
the stubs whose position is indicated in the tabic. Although fairly extensive, 
particularly in the case of tree No. 30, Plot No, 2, where it ended blindly 
in a root 0.5 feet Inflow the ground, the rot in each case was not advanced 
beyond the rod stain stage, even where apparently of longest duration. 
As careful search failed to reveal any other possible courts, it may be 
suspected that infection had taken place through the stubs, but that there 
had not yet been time for the development of “punk knots." 

The assumption that, in the case of the true trunk-rotting fungi 
infection takes jilace largely through the branch stubs, has been current 
since Ilartig's day. There is little reason to doubt its correctness in so 
far as Trametes Fini is concerned, but it is a fact that the process has not 
been demonstrated. It is imjxjrtant to note that little is known as yet of 
the nature of these courts and the manner in which infection takes place 
through them. Ilartig (12) believed that branches which die naturally 
on the tree do not provide good infection courts even if broken. He 
believed that the infiltration of resin at the bases of such branches, the 
drying of the wood, and the presence of saprophytic fungi, more or less 
effectively prevented the growth of Trametes Fini there. Again (14) he 
suggests that the surface covering of resin is the important protecting 
ageticy, and tliat trees with only small branches, in which heart wood has 
not formed, are immune on account of the fact tliat their broken ends are 
quickly covered with gum. Mdller (30) adopts this view and states 
emphatically that trees are absolutely safe until heart wood is formed in 
the branches. He is opposed by Rumiebaum (39) and others who point 
out that in dense pole stands the lower branches of the trees are short 
lived and could not have formed heart wood ; yet such small trees are often 
infected. 

The present writer has little cx|)erimental evidence to contribute towards 
knowledge of this phase of the disease. Seventeen branch stub inoculations 
were made at Achray in the hope of demonstrating infection through such 
, courts. Owing, iierhaps, to the shortness of the exiierimental period 
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(fourteen months) and the difficulty of examination of the specimens, the 
results were inconclusive. In one instance the funjjus was cullun^d from 
a point in the stub approximately 1 cm. from where the spores, dispersed 
in water, had been de})osited. The data collected with reference to this 
exi)erimcntal trees arc as follows: Ape (when cut) — 4() years. 1). Ih H. 
— 4.5", lit. — 25'. A[^e of trunk at court — 34 years. Diameter of stul) 
inoculated — 38/50". The method of inoculation was as follows: 'IIic branch, 
which had been dead tlnee or four years, and still retained a ti^jht Ixirk, 
was cut ofT with a fine saw one inch from the trunk. A Js" auj^er hole was 
bored in the stub to a dei)th of approximat(‘ly half an inch. A few <lrf)j)s 
of a suspension of fresh spores in st(*rile water were then introduced by 
means of a dropj)er, and the hole pluf^Rcd with cotton. Thv stub was ilieii 
capped with hard grafting wax. 

Sii{)erficial wounds may provide suitable infection court.s, ])rovidin^ 
there is a substratum of dead wood. The occurrence of s])oro])hores 
springing from dead sapwood, the growth in culture of the fungus on such 
wood, and the discovery of infectiem through exceedingly stnall branch 
stubs, prove that dead sapwood provides a satisfactory sii])stratum for 
growth. In nature, wounds not infrequently become infiTtion courts. 
Si)ecial note has been tnadc by various observers of infection tbrotigh 
wounds caused by fire, logging equi])mcnt, falling lre(‘s, barking by <leer 
and squirrels, the blazing of trunks and the breaKing-ofl of brandies, I bat 
fire scars are relatively iminit)ortanl appears to be establisbed (2) (3). 
The reasons ff)r this are still rjilher obscure and will remain so until the 
precise conditions controlling infection an* known; but the fact that fire 
scars are usually at or near the ground doubtless accounts for the preva- 
lence of root and butt rots in fire-damaged timber, a condition which 
inhibits the growth of Trametes Pini. 

On the 18^? young pines examined by the writer on plots in which 
Trametes Pini was present, there were nine wound -cmirts, distributed on 
seven trees. Four were inflicted on two trees by a falling trunk —a tire- 
killed veteran of the parent stand. r)ne other tree had been injured by 
having its top broken off by an unknown agency when about seven years 
old. This tree develoj)ed a “punk knot” at the infection court at a very 
early age. Four trees had iKronie infected at weevileil tops a ty]H* of 
wounding common enough in white pine, hut not heretofore recognized 
as a possible infection court for Trametes Pini. These cases arc of 
particular interest in indicating clearly that trees may be infected through 
killed wood only a few years old. That such wood provides quite favour- 
able opportunity for the development of the disease is apparent from the 
prevalence of infection through exceedingly small stubs. 
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13. The Infection of White Pine in Relation to Age 

Trametes Pini rot, well as the other common trunk rots, is usually 
regarded as a disease of mature and over mature timber. This opinion 
is based on the common observation that in old timber, the volume of rot 
is, as a rule, larger than in younger stands. The long-continued growth of 
the fungus in the tree naturally results in a cumulative volume of rot, and 
in old timl)er the current decay may well more than offset the current 
increment. Moreover, the longer the exposure of a susceptible individual 
to the chance of infection, the greater the number of infections of that 
individual there will be. Therefore, in a stand, providing the chance of 
infection remains, there will be with increasing age an increasing number 
of individuals infected. 

While there is obviously an element of truth in designating Trametes 
Pini rot as a disease of old timber, if it is true that infection of the host can 
and does take place at an early age, such designation is erroneous and 
misleading. On the question as to the age at which trees become 
susceptible, there is a certain amount of observational and experimental 
evidence which may be briefly reviewed. Hartig, with reference to Scots 
pine, constantly contends that in living trees the fungus will grow only in 
the heart wood and that until heart wood is formed the trees are immune. 
His several attempts to infect 30 to 40 year old Scots pine by placing a 
cylinder of decayed wood in a boring in the trunk of a healthy tree, never 
succeeded. With older trees, on the other hand, success was the rule. 
He considers that susceptibility in the Scots pine usually develops between 
the fortieth and fiftieth years, although he admits discovery of infection in 
a tree as young as 30 years (12). 

Later, from those who opposed Hartig's insistence on branch stub 
infection, and proposed infection through the roots to account for a type of 
Trametes Pini rot commonly found in the butts of trees, there came 
evidence of infection taking place at a still earlier age. A stand of Scots 
pine scarcely more than 20 years old contained a considerable number of 
trees with Trametes Pini butt rot. One tree 23 years of age bore a fruit 
body of the fungus (31). Hole (16) says that in Simla, Pinns excelsa of 
all ages is attacked, and he ascribes the common occurrence of the rot in 
older trees to their longer period of exposure rather than to a greater 
resistance in the younger trees. He found fructifications most abundant 
on trees which he estimated to be from 20 to 40 years of age, but had little 
opportunity of seeing a proportionate representation of older trees. He 
quotes Mayes (23) on the subject to the effect that the fungus is found 
on trees of all ages but most commonly on the mature individuals. In 
America there are few references to the occurrence of Trametes Pini rot in 
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young stands. Weir and Hubert (SO) found from work in mature stands 
in the western states, that few western white pines below the age of 80 
years were infected by any trunk- or butt-rotting fungi. They consider 
that the “age of infection” may be taken as beginning atout the fiftieth 
year. “Age of infection” as interpreted by these authors, however, means 
the age at which rot becomes conspicuous. Meineckc (25) gives the infec- 
tion age in this sense for heart rots in white fir at about 60 years. 

With regard to precise information as to the earliest age at which 
infection by Trametes Pini can take place, Neuman (33) records finding 
a white pine only 25 years old bearing a small sporophore one foot above 
ground. On examination, the heart of the trunk was found to have been 
decayed from a few inches below ground to a point nearly four feet above. 
The tree had been wounded near where the sporophore was growing, 
when only 7 years old. Although infection may not have taken place for 
some years afterwards, it seems reasonable from the extent of the rot in 
the trunk and the fact that a sporophore had been produced, to deduce 
that the tree was not more than 20 years old when infected. Boyce (4) 
records the discovery of a Douglas fir only 4" D.B.II. and 24 years old at 
one foot from the ground, with heart wood decayed throughout, and bearing 
four small sporophores of Trametes Pini 

The writer’s studies in young white pine throw a certain amount of 
light on the question of the age at which this species may become infected. 
The plots on which these studies were made are decribed elsewhere in this 
paper. There can be little doubt that the trees on them were exposed from 
the seedling age onwards to a rather high chance of infection, which how- 
ever, diminished sharply after twenty-five years or so, since which time 
the chance has been low. A surprisingly large number of the.se trees, 
which ranged in age from 39 to 64 years, and averaged about 54, were 
infected. It is vexy difficult to arrive at the precise age at which infection 
took place in any individual. However, a number of trees exhibited 
conditions which allow of an approximation being made. In Plot No. 1, 
trees 46 and 48 were both wounded twenty-five years ago by the fall of a 
very large white pine chicot, left from an earlier stand. At that time tree 
No. 46 was 29 years old. A stub from the falling chicot opened two 
wounds on the young pine, one extending two feet upwards on the trunk 
from a point two feet above ground, and the other extending from 8.5 
feet to 9.5 feet Twenty-five years ago, at nine feet from the ground the 
stem was 17 years old. The wounds when found were still open, and 
infection may have taken place at any time subsequent to the fall of the 
Meat But tihe fact that a small fructification had been produced at the 
upper wotmd, and that the rot in that locality was in the white pocket 
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stage, would lead one to think that it had not been very recent. If we 
assume that it occurred only five years ago, after twenty years* exposure, 
at the court at nine feet the tree stem would be only 37 years old. The 
])robability is that infection took place much earlier. 

A stufly of tree No. 34, Plot No. 4, yields interesting information. 
This tree was scarred on the butt by fire forty-four years ago, when 9 
years of age. The wound was utimately completely overgrown. Sub- 
sequent to wounding, tlie tree became infected through a branch stub on 
the opposite side of the trunk, as was clearly indicated by the ring type of 
rot developing from the knot. Twenty-five years ago, the iufectirm caused 
the characteristic bull grain synqitoms to a])pear in the callus growth which 
hud then jiartially covered the* face of the old fire scar. Tims the fungus 
had worked to the surface of the fire scar on the oiiposite side. It is 
(piite .safe, therefore, to assume that infection took place at least twenty- 
five years ago, at which lime the tree would lie 28 years of age. 'ITec No. 
23, l^lol No. 4, had its leader weeviled 4.5 feet from the ground when 
approximately 8 years of age. Some time subsequently, infection developed 
in the killed part. The dead stub of the leader became completely buried 
in the trunk twenty-five years ago, when the tree was 21 years old. Tt 
is thus a])pareut that the tree became infected some time between the age 
of eight and twenty-one years. Similarly, in Plot No. 2. tree No. 10 was 
weeviled thirty-six years ago, when 17 years of age. The dead stump of 
the leader, }4 inch in diameter, protruded from the trunk until two years 
ago, by which time it had been completely covered. Infection may have 
taken idace any time after seventeen years. Tree No. 11, Plot No. 2, had 
its leader weeviled thirty-seven years ago, when 18 years old, and became 
infected at that p(fint some time subsequently, At the time of examination, 
when the tree was 55 years old, the dead stub of the leader still protruded 
from the trunk. Tree No. 26, Plot No. 5, a co-dominant 53 years old, 
had been infected four inches above ground through a stub only 1/20" in 
diameter. This stub was completely buried at the lime of examination. 
The punk knot, however, extended to the surface, a distance of approxi- 
mately 2j4 inches. This represented twenty-five years* growth. There- 
fore, if the symptom of punk knot developed immediately after the infec- 
tion, we could say with cotifidence that the tree had been infected about 
twenty-five years ago, when 28 years of age. It is certain that it occurred 
no later, for the punk knot structure is produced only at the cambial region. 
In all probability, it took place somewhat earlier, for it is reasonable to 
suppose that a period of a few years would elapse before the fungus would 
be well enough established to induce the beginnings of a punk knot. 

An instance of infection at a still earlier age was recently discovered 
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by the writer and has been fully described elsewhere (11). The tree 
involved had suffered the breakage of its stem when 11 years old, at a 
point one foot above the ground. At this point the stem was then 3 years 
old. The wound became infected and a jmnk knot developed. Its i)osition 
with respect to the growth rings showed clearly that it had originated not 
later than when the tree was 16 to 10 years old. Infection must have 
taken place somewhat earlier. 

Thus it is clear that white pine may become infected when less than 
20 years old, and that injuries inflicted o» very young trees may provide 
infection courts before they are healed. Therefore, under favourable condi- 
tions for disease, which implies a high concentration of inocnlnni and a 
large number of infection courts, white pine stands may become infiTled 
during their period of establishment. 

14. TuE iNKECTiON OF WhITK J^NK IN RELATION TO Tuhfc; ClASS 

It is a carious fact that on the plots studied by the writer the incidence 
of infection among dominant and co«dominant trees is higher than among 
members of the other classes. Of the 189 trees of all classes examined, 16 
IK'r cent were diseased by Tramcics Pini. Among the 88 dominants and 
co-dominants 25 per cent had become infected. But among the 38 inter- 
mediate only 12 per cent were infected, and of the 56 sn]>])resse(l trees, 
there were only 5 per cent infected. This summary is apj>roxiniateIy 
representative of the situation on each plot. (See Tal)Ie No. 2). 

The explanation of the relatively high rate of infection among older 
and larger trees as compared with younger anrl smaller is to Ik* huind 
in the forest history, which is that of a young stand following an old and 
defective one destroyed by fire. What has been learned of the fruiting 
habits of the fungus indicates that a grand fruiting period succeeded the 
fire, and coincided with the establishment of the new stand. It is aj^pareiit 
that the oldest and largest trees during that time, as rejircsenled in tlie 
main by the present dominants and co-dominants, would be those first to 
attain susceptibility. At that young age, infections must necessarily ha\e 
been at a point not far above ground. The actual concentration of butt 
infections found in the trees at the time of examination, confirms this 
interpretation and supports the explanation given of the high rale of 
infection among dominant trees. 

15, Forest Protection and Disease Control 

The management of any forest proi)erty is conditioned by the policy of 
the owner, and by the actual state of the property. Protection, as a function 
of management, thus relates to specific instances, and for technical and 
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economic reasons is inevitably bound in an intimate way with the general 
management plans. This may be said with particular emphasis of the 
protection of forests against disease. 

Under a policy of sustained }rield management, there is entailed a 
dcHnite control of forest operations, involving the composition and forma- 
tion of the stands, and the representation quantitatively and spatially of 
age classes in the forest. Such control, when exercised continuously, 
results in the development of a general condition which may be said to be 
characteristic or definitive of thfe class of forests. “Virgirt” forests, on the 
other hand, do not possess this character; nor such forests as are operated 
irregularly — ^forests in which sustained yield is not the guiding principle 
of management. For them, therefore, protection is essentially a different 
problem. While it is universally true that the function of forest protection 
is the prevention of forest damage, yet its success, with respect to the 
managed forest, is to be measured in relation to the principle of sustained 
yield; but for other forests it is usually on a basis of liquidation of the 
enterprise. 

But it is obvious that the means of control to be employed are condi- 
tioned by the nature of the particular disease concerned, and thus protec- 
tion may be determinative to a degree of the form of management. By 
way of illustration of the profound effect which the occurrence of disease 
may have on forest management, one may refer to the case of chestnut 
blight in America. In that instance there remained no immediate hope of 
retaining the host as a component forest species. Direct control was there- 
fore out of the question, — a conclusion reached after fruitless attempts. 
The one course open then, was to exploit as far as possible the susceptible 
stock and initiate silvicultural treatment leading to replacement of the 
chestnuts with resistant species of eccmomic worth. Such treatment results 
in time, so far as chestnut blight is concerned, in the re-establishment of 
a sanitary condition of the forest. 

The protection policy to be adopted in the case of heart rots, on the 
other hand, would appear to be different. Enphytotic and characteristically 
non-lethal, these diseases offer no immediate threat to the maintenance of 
their hosts as component forest species. To deal with them as with chestnut 
blight vrould result in aggravated unsanitary conditions, and increased 
losses. Indeed, if unchecked, they may threaten the success of a forestry 
enterprise. That opinion is forcefully voiced by Rbhrig ( 38 ) when, in 
reference to a particular instance in eastern Germany, he questi(»i8 whether 
huge pine timter can be grown there economically as long as the heart rot 
disease remains uncontrolled. 
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Among diseases of this class, that caused by Trametes Pini is of out- 
standing importance. Various control measures have been proposed with 
respect to it. They are based on the principles of an immune or resistant 
crop, protection against infection, and of eradication of the fungus. In 
practice they involve one or more of the following procedures: (1) sub- 
stitution of resistant for susceptible species; (2) preservation of the natural 
resistance at a maximum through the development of well formed trees 
and the prevention of injury ; (3) development of mixed stands of pine and 
hardwoods; (4) adjustment of the regulation of the forest to provide for 
a short rotation for the susceptible species, or for freedom of selection for 
fellings in the cutting series; (5) special silvicultural treatment, such as 
sanitation fellings and thinnings, disposal of waste, and direct eradication 
of the fungus fructifications. It is to the point to examine these proposi- 
tions critioilly. 

( 1 ) There are some obvious objections to the replacement of susceptible 
with resistant species. The wide host range of the fungus among coniferous 
trees indicates at once that this course cannot be of general applicability. 
It is apparent, too, that suitably adapted species, immtine or highly re- 
sistant, might not be available for the particular localities (sites) concerned. 
Yet, since there is a wide diflference in the relative susceptibility of various 
conifers, wherever conversion of the stands towards a higher representation 
of the less susceptible species can be contemplated, such course might 
perhaps be justified. As a case in point, both Mayes (23) and Hole (16), 
have recommended in specific instances the replacement of blue pine (Pinus 
excelsa) by deodar (Cedrus Deodara). Coming nearer home we note that 
throughout a large part of the range of Pinus Strobus, its common asso- 
ciate, P. resinosa is relatively much more resistant to Trametes Pini, and 
might therefore be encouraged to advantage. 

(2) The prevention of injury to trees has long been recognized as of 
importance in minimizing the incidence of the disease. Hartig and Mdller 
emphasized particularly the danger of permitting the cutting or breaking 
of branches. Somewhat similar injuries may be caused by meteorological 
agencies, and by operations incident to logging. These, and the injuries 
due to fire and pests (for example — ^the white pine weevil) may become 
infection courts for Trametes Pini, and are to be guarded against. This 
naturally brings up the question of danger of infection following pruning 
operations. 

Hartig believed that infections were common only through freshly 
broken brandies in which heart wood had formed. He considered that 
Acre was an effective protection in branches which had died naturally, 
Arougfa Ae presence of resin in Aeir bases, the dryness of their wood and 
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the presence of saprophytic fungi. He believed that small green branches 
effectively covered their broken surfaces with resin, and thus resisted 
infection. In pruning jiine, therefore, he advised against the cutting of 
large green branches which had formed heart wood. The present writer 
has found that in while ])iiie. branches only a very few years old and less 
tlian one-tenth inch in diameter may provide favourable infection courts, 
as do also tht* killed leaders of the current season's growth. Actually, 
the precise conditions under which infection lakes place and its course 
arc still unknown. It is thus impossiWe to state whether, or under what 
circumstances, pruning wounds may become infected. It may lx* said» 
howe\er, that in localities where the fungus is abundant, infections will 
occur whether the trees are pruned or not; whereas if the fungus is rare 
or absent there will be few^ if any infections in pruned or nnprimed stands. 

(3) That mixed w’oods usually suffer less from Trametes Pini disease 
than do stands of ]mre conifers is a belief shared by many foresters and 
woodsmen in America and Kurope. Thus arise recommendations of 
mixed forest culture (38). To what conditions exactly the alleged 
superiority is due is not apparent, but there can be little doubt of its 
existence. What has been said with regard to protection against risk of 
infection applies here, for the normal development of pine in mixed stands 
is often superior to that which occurs in pure stands. The screening effect 
of broad-leaved trees may, l(^o, be of some significance. 

(4) Proposals for th? control of heart-rot diseases through the adjust- 
ment of regulation to provide for a short rotation have l>een offered both 
in Europe and America. On this continent, largely on the basis of studies 
made in virgin stands in western forests so-called ‘'pathological rotations" 
have been suggested for several species. 

A number of questions arise with respect to this term and the concept 
which it embodies. Is the “pathological rotation" to t)c regarded as a 
genuine rotation, serving some definite goal of management? Tt might 
then be classified conventionally as a physical or silvicultural rotation, the 
stand “maturing" on account of having reached the limit of soundness. 
That such “rotations" exist in nature and that they may have some' 
significance to forestry, can scarcely be doubted ; yet one hesitates to regard 
the attainment of an arbitrary degree of faultiness or even the ultimate 
elimination of a species through decay as constituting a condition of stand 
maturity. Nevertheless, if the “jiathological rotation" is to be regarded as 
a rotation at all, it must he accepted as a physical or silvicultural rotation. 
It is well known that such rotations are not related theoretically to rotation 
for maximum yield or revenue. That this fact was appreciated by Meinecke 
(25) who coined the term, is clear, for he used it with hesitancy — ^“for 
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want of a better expression*’ — ^ancl intimated that the ''pathological rota- 
tion” indicated a limitation to feasible rotation length for the species con- 
cerned. The question as to the validity of the general application of data 
derived from age-rot studies remains to l)e considered. 

That a correlation exists between age and incidence of decay, as postu- 
lated in the theory of the “pathological rotation” can scarcely be doubted. 
It has been shown for several species by Meineckc (25), (29), Boyce (4), 
McCallum (24), and others for certain fields of reference. For practical 
forestry purposes, however, we are interested in particular instances, and 
before accepting a “pathological cutting age” as of specific ai)plication it is 
necessary to consider the character of the instance involved. There are 
factors other than age which are determinative of the amount of decay in 
a tree or stand, and in some instances such factors may be of paramount 
importance. This consideration has been appreciated by the authors 
referred to. Thus Meinecke (25) recommends the delineation of zones 
of relative importance of cull factors. Boyce (4) and McCallum (24) 
are careful to \mnt out that from their data, derived from virgin forests, 
one cannot predict the pathological felling age in forests where any cultural 
treatment is given, or where forest conditions are dilTcrcnt from those in 
which tlieir studies were made. Yet there is, perhaps, a tendency towards 
a facile acceptance of the short rotation as the solution to the problem of 
control of heart-rot diseases, and for this reason, and on account of the 
danger of exaggerating the field of reference of pathological felling ages 
already determined, further discussion of the subject is called for. 

In extensive tracts of virgin forest, particularly in forests which have 
developed to a relatively stable condition floristically, it may be assumed 
that forest conditions are generally more uniform over large areas and 
over long i)eri(Kls of time than elsewhere. With respect to Trametes Pini 
disease, one may assume that then the variation of the chance of infection 
in different localities and at different times is at a minimum. Thus it is 
to be expected that in forests of this character there will be a high degree 
of correlation between age of stand and amount of rot. But even in the 
virgin forest there is actually a wide range of forest conditions from place 
to place and from time to time, the same species occurring in associations 
or types of very different character, according to their range of adaptability, 
or the occurrence of catastrophic changes. Thus it is to be expected that 
the abundance of the fungus in the forest will vary in time and place and 
that the chance of infection in different stands may vary considerably, and 
that stands of the same age may not have the same amount of rot. The 
data presented by Meinecke (29), Boyce (4), McCallum (24) and others 
show this clearly enough, just as they show that old stands u.sually have 
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more rot than young ones. Boyce (4) says with respect to Douglas fir in 
Washington and Oregon: "There is no explanation why certain stands 
may attain old age with little rot.” Weir (46) says; “Jack pine readies 
its normal ages on the dry pine barrens of the lake states without much 
defect of the wood from fungus diseases, although exceptionally old trees 
of ninety years or more frequently show considerable decay. In mixture 
with other spedes, in the moist regions of its range, particularly in parts of 
northern Minnesota and Canada, Trametes Pint causes considerable heart- 
rot in trees sixty years and older.” 

Under conditions of dvilization the differences in the forest condition 
of stands of the same species are apt to be intensified, and one would 
expect corresponding differences in the inddence of decay. Thus Abbott 
(1) says of Trametes Pint disease in white pine in New England : "Previous 
writers have ascrilied much importance to the supposed fact that only the 
oldest trees in the stand are affected. Many specimens of trees not more 
than twenty-five to thirty years old were found by the writer to be infected. 
. . . Many small tracts, espedally isolated ones, were found where no 
disease was apparent. . . . The distribution of the disease is irregular. 
Along the shore of Lake Champlain tracts less than ten miles apart were 
located where both extremes of condition were found. The Connecticut 
valley shows a similar condition.” 

As a result of information gained from foresters regarding the preva- 
lence of Trametes Pint rot in pine stands of various ages in the forests 
under their charge, Moller (30) condudes that it is obvious that little can 
be said with precision in regard to the age rot ratio in particular instances, 
but that it is also obvious that in general, with increasing age, there is a 
higher incidence of decay. 

The present writer has noted cases of extreme variation in the amount 
of rot on account of Trametes Pint in second growth white pine stands 
approximately the same age. In Norfolk county, Ontario, many stands 
cut at sixty to ninety years of age, are practically free of rot. Oocasionalty 
it is present to an extent which seriously prejudices the success of file 
lumberman. In one case recently observed, approximately fifty per cent 
of the lumber sawn from a ninety-year-old stand was more or less seriously 
stained or rotted. 

The present criticism is offered only against unwarranted assumptions 
with respect to the constancy of i^-rot ratios. It is based in part on 
evidence available in the data already accumulated, and in part on fiieoreticai 
considerations of the character of the wood rot diseases. It is clear ffuit 
the abundance of the fungus in fruit in the forest is a primary factor 
influencing the rate of infection. That this may vary greatly in time and 
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place has been established. Woods operations, moreover, can modify the 
degree of exposure and herein lies an opportunity for valuable means of 
control. As Martin (22) points out, the entrance of Trametes Pini into 
stands is to be regarded by the forester as an abnormality. He admits 
that the prevalence of the disease varies greatly in diflferent localities, and 
that often it is not uniformly distributed even in the same compartment. 
He emphasizes the importance of ‘‘stand maintenance"' through sanitation 
thinnings. 

One may point out that it may be impossible to reconcile a short rota- 
tion with the objects of management. A case in point which has recently 
been brought to attention by Rohrig (38) is that of pine in the Potsdam 
district of the Prussian State Forests. In this instance the production of 
high quality timber is threatened through the ravages of Trametes Pini, 
but the rotation cannot be lowered for technical reasons, namely the neces- 
sity for growing large timber of high quality. 

(5) Silvicultural control of Trametes Pini involves the gradual elimina- 
tion of the fungus from the forest through free selection for cutting, 
irrespective of age, according to the pathological condition of the trees or 
stands. These cuttings are essentially sanitation cuttings, made with the 
double purpose of salvaging the timber and ridding the forest of the 
fungus. They are, therefore, fundamentally silvicultural in character, 
and it is apparent that under the selection system they would be indis- 
tinguishable from sanitation thinnings. This policy was generally applied 
in even-aged pine in state and crown forests in Germany, particularly at 
the beginning of the Trametes Pini eradication programme sponsored by 
Moller. It became quite generally modified to a thinning practice for 
several reasons — a disinclination to sacrifice the quality growth of sound 
trees, the discovery that the disease was not evenly distributed or related 
to compartment boundaries, and that it was often present in quite young 
stands and, finally, on account of the over supply of the market with 
timber, to which the heavy clear cuttings led. Actually, the practice was 
often favoured for silvicultural reasons. 

In the course of the development of Moller's programme, it became 
more and more apparent that satisfactory control of the disease was to be 
achieved only through ‘‘banishing the fungus from the forest.*" This 
attitude resulted from an appreciation of the fact that infection could take 
place at an early age. Thus the emphasis was laid on the establishment 
and maintenance of sanitary conditions in the forest through the eradica- 
tion of the fungus. This was achieved through sanitation thinnings in the 
young stands, thinnings or clear cuttings in the old stands, and the removal 
of sporophores from the trees when for any reason they could not be cut. 
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The removal of sporophores was an expedient measure, intended to save 
the younger trees from further infection, and was necessary largely on 
account of the inability of the market to absorb within a short period the 
infected timber which, on technical grounds alone, would have been cut. 

This policy is of general reference, applicable under any system of 
silviculture, and is theoretically sound. There are technical difficulties in 
its application, chief among which is the identification of infected trees. 
The danger inherent here is partly obviated through the practice of remov- 
ing sporophores. Actually, on account of the difficulty of detecting infected 
trees and of removing sporophores, a sacrifice of older timber may be 
entailed during the period of establishing sanitary conditions in the forest ; 
but it is believed that in the younger stands, most infected trees can be 
removed in thinnings before sporophores are produced in any abundance. 

Mollcr’s campaign in pine forests of eastern Germany for the control 
of Trametes Pini is the most important instance of such effort of which 
we have knowledge. However, according to Rbhrig (38) it cannot lie 
considered to have been completely successful. This he ascribes in the 
main to the failure to pursue energetically for a sufficiently long time the 
programme of eradication, a failure incident to the outbreak of the war. 
Rut Rbhrig also considers that the clear cutting system generally in vogue 
for pine does not lend itself readily to the achievement of control, in that 
thinnings are normally too infrequent and that there is an undesirable con- 
centration of old (and possibly defective) timber. He welcomes the intro- 
duction of a more intensive thinning practice. 

As pointed out in the beginning of this section, every forest property 
])resents a problem with respect to protection against disease which is to 
a greater or less extent peculiar to itself. The protection policy must be 
determined in the light of the actual condition of the forest concerned, and 
in view of the general plans under which it is managed. The original work 
recorded in this paper was done for the most part in virgin forest, and can 
have no direct reference other than to the particular instances involved. 
Nevertheless it is believed that from the knowledge of the disease gained 
thereby, particularly with respect to its epidemiology, certain generaliza- 
tions may be drawn. One may summarize the salient features of the 
Trametes Pini disease in white pine which have a bearing on forest manage- 
ment as follows: fa) Under the most favourable circumstances white pines 
may l)ecome infected at twenty years of age or less. Natural stands of 
pole-wood size, as occurring in Ontario, if exposed to a high risk of infec- 
tion, readily become infected, (b) Susceptibility is first developed in the 
base of a tree, and passes gradually upward with its growth, the lower 
part of the trunk becoming normally less liable to infection on account of 
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the natural protection acquired with age. The extent of susceptibility 
within an individual is detennined largely by the amount of matured heart 
wood, and thus increases with age. (c) The concentration of inoculum in 
the forest is a primary factor determining the rate of infection, and is 
dependent on the abundance of the fungus in fruit. Fruiting is most 
prolific on dead wood, and grand fruiting periods occur whenever large 
volumes of infected wood are left on the ground. The duration of such 
periods depends on the rate of fall of infected timber, the size of the pieces 
on the groutid, their exposure and rate of decay. It may i)ersist for over 
twenty years, (d) Optimum conditions for fruiting occur only locally, 
and stands of susceptihlt species other than pine may be the source of 
most of the inoculum present in the forest, (e) Living infected pines l)ear 
comparatively few fructifications, but show a considerable variations in 
this res|)ect, according to their age and quality. Trees exposing the 
largest surface of dead wood Imar fructifications most freely. 

The technique of control must be modified according to the character of 
the forest. A selection forest cannot be treated in the same fashion as one 
composed of even aged stands. Yet it may be asserted that success in 
control is to be attained in one of two ways, or through a combination of 
both, namely, by exploitation before excessive damage has accrued, or 
through the suppression of the fungus in the forest. The short rotation is 
more or less eflfcctive towards both ends, in that cutting at an early age 
minimizes the amount of decay in the crop, and tends also to i>revent the 
fungus from fruiting abundantly. Forest sanitation, through close utiliza- 
tion, sanitary thinnings and fellings, and the de.struction by burning or 
other appropriate disposal of unavoidably waste material, will improve the 
health of the forest, and if thoroughly prosecuted will in time eliminate 
the disease. 

16. Summary 

This paper deals with Trametes Pini, a coniferous wood rotting fungus, 
and the disease which it causes in white pine forests. Reference is made 
to the important literature on the subject and to the names given to the 
fungus and the decay which it causes. The disease is interpreted as being 
parasitic and enphytotic in character, and of considerable importance to 
forestry. An indication of its prevalence and destructiveness is offered 
through a review of the records of damage available. The results of 
studies at several localities in virgin pine forests in Ontario confirm the 
belief that it is by far the most destructive heart-rot disease of that species. 
Trametes Pini, while characteristically a heart rotting fungus, is never- 
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theless definitely parasitic in pine. It causes, tyfMcally, decay at the mid- 
section of the trunk, but is also often the primary cause of a common butt- 
rot condition in old pine named “cavity rot”, the etiology of whidi, while 
not thoroughly known, implies early infection by Tramtes Pint throus^ 
branch stubs near the ground. 

Signs and symptoms of the disease are described. Perhaps the most 
interesting is the so-called “punk knot,” which is a pathological structure 
developing around or extending from embedded branch stubs, as a result 
of infection in or near adjacent meristcms of the trunk. The detection of 
infected pines in the woods, a matter of practical importance, is possible 
largely on the basis of the occurrence of “punk knot” and associated 
symptoms. 

The fruiting habits of the fungus are of significance in the spread of 
the disease. Fructifications on living white pine in northern Ontario are 
rare, but they are common on infected dead wood of large dimensions, and 
in the virgin forest the largest ahiount of inoculum originates from this 
source. Cull logs from infected trees, as well as windthrown timber, 
produce prolific crops of sporophores for many years, and reproduction 
in time becomes infected from the debris resulting from the destruction of 
the parent stand. 

The fungus sporvdates periodacaWy, the greatest activity occurring in 
spring and fall. Sporulation takes place at surprisingly low temperatures. 

A study of the infection courts in trees on plots laid out in virgin 
second-growth white pine stands revealed the fact that infection through 
small branch stubs near the base of trees was of frequent occurrence. In 
this way is initiated the “cavity rot” found in old trees. It is confirmed 
that most infections occur through branch stubs, but very small branchlets 
only a few millimetres in diameter and only a few years old may provide 
favourable courts. The killed leader of the current season's growth may 
ultimately become infected. Instances of the occurrence of infection 
following weevil injury were discovered. 

Plot studies showed that white pine may become infected at an early 
age. One tree was found which indubitably had become so when less 
than twenty years old. Among the various dasses of trees, the dominants 
showed a higher incidence of infection than others. 

Forest protection is inevitably bound up in an intimate way with the 
general management of the forest property. The policy of die owner and 
the actual state of the forest, as well as the character of the disease, are 
to a degree determinative of protection policy. Trameies Pirn' disease is 
of peculiar interest on account of its widespread distiibution and endemism 
and its non-lethal yet destructive diaracter. Various proposals have been 



The Disease Caused by Tbametes Pini 


67 


made for its control, as follows: (1) substitution of resistant for susceptible 
species, (2) preservation of natural resistance at a maximum, (3) develop- 
ment of mixed stands, (4) introduction of a short rotation, (5) sanitation 
fellings and thinnings, close utilization and disposal of waste. These 
proposals are reviewed critically, and the so-called "pathological rotation” 
is discussed. 
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ADDENDA 


1. Plot Description 

The plots referred to herein, on which tree examinations were made, were located 
in the eastern part of Algonquin Park, Ontario in young even-aged white pine. The 
stands had never been disturbed by man, and represented phases of entirely natural 
forest development. The plots were in two groups, the first near Bissetts, comprising 
four plots of one-tenth acre each, the second near Achray, comprising three plots of 
one-fortieth acre each. On each plot all trees were felled, the trunks cut into four foot 
lengths (or shorter) and all sections were split. The roots were exposed and cut, and 
the stumps grubbed out. 

The plots in which trees infected by Trameies Pini were found, originated following a 
widespread fire which swept through the virgin forest stands about sixty years ago. 
These stands were then mature, and comprised many pines of the largest size, of which a 
considerable number survived the fire for at least several years, and cast seed sufficient 
to restock satisfactorily much of the area burned over. All such survivors, however, 
have now been dead for many years, though occasional giant chicots still remain 
standing. These and the numerous large well-rotted trunks on the ground oflFer 
evidence as to the character of the former forest. The following table gives the mean 
(arithmetical average) age, D.B.H., and total height of the dominant and co-dominant 
while pines on the several plots: also the number of living white pines of all classes, 
expressed per acre. 


Plot No. 

Age 

D.B.H. 

inches 

Total Height 
feet 

No. of living Pines 
(all classes) per acre 

1 

50 

7.0 

44.5 

420 

2 

53 

7.4 

49.0 

420 

4 

51 

5,6 

41.2 

720 

5 

51 

4.9 

37.1 

1320 


Plot No, I Bissetts 

The forest is predominantly of white pine, with some spruce, balsam, white birch 
and poplar. The most conspicuous herbage is of Pteridium aguUinum, Aster macrophyllus, 
Cornus canadensis^ and Vaednium canadense. 

The remains of very large pines (30" - 40" D.B.H.) are on the ground. One 
large trunk (40" D.B.H.) lying across the plot, riddled with Ttametes Pini rot, scarred a 
number of young trees of the new stand in falling 25 years ago. 

Plot No, 2 Bissetts 

Plot No. 2 represents an area of almost pure pine, on a site similar to that of Plot 
No. 1. Considerable weeviling has occurred in the past. The well-rotted trunks of 
large pines of the parent stand are lying adjacent to the plot. 

Plot No. 4 Bissetts 

The stand here represented was established very densely, but subsequent fire, 
occurring about 45 years ago, thinned it out leaving rather uneven, though still dense 
stocking. The pines are now crowded in groups, among which there is a good repre- 
sentation of poplar and birch and a few maples. The site is possibly somewhat inferior 
to that of No. 1 and No. 2. 
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Tloi No, 5 Achray 

This plot represents a stand established densely on sandy soil between numerous 
rock outcrops. The site is inferior to any of the above. A rather severe fire nineteen 
years ago burned over much of the surroundtnj^ country, but barely touched the pocket 
in which this plot is located. 


2. Tables 

Explanation of symbols used in tables. 


Table No. 1 


Table No. 2 
Table N,o. 3 
Table No. 4 
Table No, 5a 
Table No. 5b 
Table No. 6 

lableNo. 7 
Table No. 8 
Table No. 9 
Table No. 10 


Basic data on Trametes Pirn infected trees in plots 70-71 

Plot No. 1 Bissetts. Plot No. 2 Bissetts. Plot No. 4 Bissetts. 

Plot No. 5 Achray. 

Trametes Pint infection in relation to tree class. Plot trees . . 72 

Trametes Pint infection courts in young pine 72 

Seasonal sporulation of Trametes Pini at Petersham, Mass 73 

Frequency of sporophores of Trametes Pint on living pine. . 74 

Occurrence of sporophores of Trametes Pini on infected trees. . . 75 

Frequency of sporophores of Pfwi on cull logs and wind- 

thrown timber 76 

Frequency of infected trees in timber stands 76 

Classified rot volumes in stands (cu. ft.) 77 

Classified rot volumes in stands (per cent) 77 

Classified rot volumes (per cent of cut) 77 


Explanation of symbols used in tables. 


7 ree Class 
D. — dominant 
C. D. — co-dominant 
1. — ^intermediate 

S. — suppressed 


Rot Stage 
R.R. — red rot 
A. — advanced rot 
E. — early rot 
W.P. — white pocket rot 


Infection Court 


Rot Type 

T. P, — T rametes Pini rot 

F. T. — a butt rot 

S.P. — a wood stain 

G. S. — wood stain 

F.B.B.R. — a brown butt rot 

U. B.R. — a brown trunk rot 

A.M. — Armillaria rot 


K. — ^branch stub (with **punk knot'O 
K — branch stub (with no “punk knot”) 

? — unknown (probably branch stub) 

FS — fire scar 
W — wound 
WT — weeviled top 
S — ^largc stub, still projecting 

R — root 

B — ^basc of stump, immediately under vertical axis of tree 


NOTE: 

Under the heading “Rot Extent,” the distances in feet from the ground to the 
extremities of the decay are given. The maximum diameter of the obviously decayed 
wood is given in inches. 

Example: “Rot extent » 19'-21' x 0.76”. The rot extends from a point 19 feet above 
ground to one 21 feet, and the maximum diameter of the decay is 0.75 inches. 
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Tree 

No. 

cues 

Stump 

Age 

D.B.H. 

Total 

Height 

Rot 

Type 

Infection 
Court Location 

Rot Extent 

Rot 

Stage 

1 

D. 

63 

7.6 

48.0 

TP 

K. 

20.6' 

10'-2l'x0.76" 

B 

7 

1 . 

40 

4.6 

29.4 

TP 

K. 

12.6' 

12-13.6' xO. 6" 

B 

0 

C.D. 

61 

6.8 

48.6 

F.T.? 

? 

? 

0.a6'.0.76'xl" 







T.P. 

K. 

18.6' 

12'-17' X 3" 

RR 

17 

D. 

63 

9.0 

63.0 

TP 

K. 

6' 

8'.7.6'xl.6" 

B 






TP 

K. 

4' 

0.6'.6.0'xa.0" 

B 







(Appear to be separate infections.) 


10 

X. 

46 

6.6 

46.0 

TP 

K 

0.6' 

0'.3'x0.5" 

B 




(No *‘pttnk knot*' 

found, but knot! at O'-l' gummy.) 


22 

C.D.* 

48 

6.2 

80.6 

TP 

K, 

17.0 

X 0.76" 

B 

27 

C.D, 

48 

6.8 

44.2 

SP 

? 

? 

■o.s'xi.o'xo.e" 







GS 

W 

1.6' 

0.8-6. Ox 1.8" 







TP 

K. 

18' 

U'-18'xl.0" 

RR 


(Tree ecarred from 1. O' to 3'. O' • open.) 


80 

C.D. 

62 

7.1 

48.6 

TP 

K 

0.6' O'-l' X 0.6" 

B 

34 



(No ‘*punk knot** 

found. 

Infection probably at 0.6'.) 


D. 

50 

7.6 

67.8 

TP 

R. 

3.6 0-6' X l.O" 

RR 

89 

C.D. 

64 

7.1 

46.6 

SP 

W 

4.6? .2.0'*4.6'x4" 







TP 

K. 

14.6 14.0'-I6.6'xl.6" 

B 

43 

' L 

63 

7.0 

46.6 

TP 

R. 

fO.6 .0.6'.6.0xS" 

ll.O 

|1.6 

RR 







K. 

8.6 




(Probably two separate infections at 1.0' and 

3.6'.) 



40 C.D. 61 7.6 46.0 TP W l.O' l'.7'xa.6" RR 

TP W 0.6' 8.a'.l0,6'x8.0" WP 

TP K 16.0' 17'-I9.6'»l.6 B 

(Tree ecarred by 40" D.B.H. pine chicot falling 26 years ago. Open ecara 8.6' to 0.5' and 2' 
to 4'. Trameitt Pi»i frucUtotion K" a H** on wound at 9.o\ No **paak hmte** foracd 
ae yet.) 


No "punk knots** foracd 


48 1. 52 4.4 41.0 TP W l.O' 0.6'-7,0' a 1. 5" RR R WP 

TP W 14.0" ll'.OO' X 1,0" RR R WF 

SP B -0,6 .24).6x8.^' 

(Tree scarred by same tree as No. 40, from O' to 3.6', 16' to 16.3' and 18'-18.8. No "punk knots*^.) 
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Table 1 — Continued 


Plot No. 2 Bissetts. 



Class 

Stump 

Age 

D.B.H. 

Total 

Height 

Rot 

Type 

Infection 
Court Location 

Rot Extent 

Rot 

Stage 

10 

C.D. 

63 

7.6 

47.0 

TP 

K. 

6.0' 

3.6'.8.6'x 1.6" 

RR 






TP 

WT 

13.0' 

8.5'.16.6'x2" 

RR 

(Top weeviled 36 years ago. Dead end yi* 

' diam. barely covered now.) 


11 

D. 

65 

9.9 

40.5 

TP 

K. 

4.5' 

3.0'-8.5'x 1.5" 

RR 






TP 

WT 

17.0' 

16'-18' X 1.0" 

RR 






UBR 

S 

16.6' 

14'-15.6'x2.0" 

A 

22 

D. 

60 

7.2 

60.5 

TP 

K 

2.0 

0.6'.4.0' xO 5" 

E 






TP 

K 

9.6 

O'-IO' xO.26" 

B 

30 

D. 

64 

8.8 

43.3 

TP 

? 

2.0'? 

-0.5'-4.0' 

£ 

31 

C.D. 

66 

7.3 

46.3 

TP 

K. 

0.6' 

-0.6'.1.5'x2" 

RR 






AM 

R 

? 

-l.O'-O.O' x2" 

A 

(TP infection through P 

' stub.) 







41 

D 

63 

6.4 

46.6 

TP 

K. 

1.0' 

-0.6'.4.0' 

E 


Plot No. 4 Bissetts. 


Tree 

Total 

Rot 

Infection 


Rot 

No. Class 

Age D.B.H. Height 

Type 

Court 

Location 

Rot Extent 

Stage 

1 D. 

54 6.0 42.8 

TP 

K. 

2,0' 

O'-S' X 4" 

WP 



FBBR 

KS 

? 

-1.0'-2.5'x2" 


(T.P. rinK and hearUrot. Covered Are scar on butt made 44 years ago.) 


7 I. 

48 6.8 35.6 

TP 


(1.6 

-0.6-8.0'x4" 

A 




K. 

il.8 

(2.0 



("Punk knots" 

very large (1" diam.). Rot becoming dry.) 




20 S. 

42 3.1 27.6 

TP 

K. 

1.0 

0. 0-4.0' X 1" 

RR 

23 D. 

64 5.3 45.5 

TP 

WT 

4.6' 

3.5'-4.6' X 1" 

E 

( Weeviled top 
84 C.D. 

completely buried 24 years ago.) 

63 6.3 36.0 TP 


(1.6 

0.0'.6.6'x 1" 

RR 




K. 





go. V 

(Fire tcerred 44 years ago. but infected through branch stub on opposite side. grain" in 

callus over wound starts 26 years ago.) 


37 

C.D. 

49 

4.3 

41.0 

TP 

? 

? 

0.0-0.6'x0.6" 

E 

60 

S 

61 

3.4 

86.6 

TP 

K 

(4.6' 

4.2'-4.6' xO.26" 

E 

78 

S 

46 

2.1 

26.0 

TP 

K. 

41.0' 

(2.0' 

0.0'-6.0'x 1.5" 

RR 


Plot No. S Ackray. 

Tfee Stump Total Rot Infection Rot 

No. Class Age D.B.H. Height Type Court Location Rot Extent Stage 

li d] 68 4^4 aSTo TP W 1.6 0.6M.8'x 1.0" 

18 D. 64 7.4 43.0 TP K. 1.6 -1. 0^-6. O' x 3'' RR 

TP WT 4.6 .l.0'-6.0'x8" 

(Tfoc growing on top of uprooted pine stump, elevated 2'. Two separate T.P. infections.) 

86 C.D. 68 4.7 37.0 TP K. 3.0' 0.0'^).8'x0.6" E 

(IttiecUon through 1/20" twig.) 
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Table 2. Trametes Pint Infection in Relation to Tree Class (Plot Trees). 
(Number of Living Sound and Infected White Pine Trees on Infected Plots.) 


Plot No. 1 Plot No. 2 Plot No. 4 


No. of Trees No. of Trees No. of Trees 

Class Sound Infected Sound Infected Sound Infected 


Dominant and co- 
dominant 12 9 17 6 24 4 

Intermediate 10 4 10 0 10 1 

Suppressed 7 0 9 0 30 3 


Total 29 13 36 6 64 8 


Plot No. 5 All Plots 


No. of Trees No. of Trees Per Cent 

Class Sound Infected Sound Infected Trees Infected 


Dominant and co- 
dominant 13 3 66 22 25 

Intermediate 8 0 38 5 12 

Suppressed 9 0 55 3 5 


Total 30 3 159 30 16 


Table 3. Trametes Pint Infection Courts in Young Pine. 


(Frequency of Courts of Various Kinds, and Position on Trunk). 
(Data from Plots). 


Description 
of Court 

Frequency and Locaiian 

{instance in feet above ground) 



Below 2' 

2'-4.5' 

4.6'-14' 

Above 14' 

Total 

Per Cent 

K. 

8 

6 

5 

8 

22 


mu 

K 

2 

2 

1 

1 

6 



? 

1 

1 

0 

0 

2 


II 

W 

3 

0 

2 

0 

5 

H 

1 

WT 

0 

2 

1 

1 

4 


H 

Total 

14 

11 

9 

5 

39 

100 


Per cent 

36 

28 

28 

13 


100 





Table 4. Seasonal Sponilation of TrameUs Pint at Petersham, Mass. 
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Table Sa. Frequency of Sporophorea of TrameUs Pitti on Living Pines. 


Locality 

No. of Trees 
Examined 

Age 

Range 

No. of Trees 
Infected 

No. of Trees 
bearing 
Sporophorea 

Total No. of 
Sporophores 

1 

253 

30^ 

80 

1 

1 

2 

131 

30<65 

? 

0 

0 

3 

1263 

00-65 

4+ 

4 

5 

4 

80 

50-65 

44- 

0 

0 

5 

200 

90 (approx.) 

84- 

3 

3 

6 

52 

145 (approx.) 

80+ 

12 

194- 

7 

100 

130-150 

42+ 

5 

84- 

8 

90 

88-150 

44 

0 


6 

26 

201-296 

21 

0 


10 

32 

235-429 

26 

0 


11 

67 

200-225 

40 

1 

1 

12 

13 

150-350 

13 

2 

4 

Total 

2307 


2574- 

28 

414- 


Key io LocalUies: 

1 - Sample Plots, Algonquin Park, Ont. 

2 - Achray, Algonquin Park, Ont. 

3 - Near Achray, Ont. 

4 * Durham Forest, Durham County, Ont. 

6 - Walsh, Simcoe County, Ont. 

6 - Tilden Lake, North Bay District, Ont. 

7 - Little Niptssing River, Algonquin Park, Ont. 

8 • J. R. Booth Co., Camp No. 8, Algonquin Park» Ont. 

9 - J. R. Booth Co., Camp No. 2, Algonquin Park, Ont, 

10 • Carpenter-Hiscon Co,, Camp No. 28, Algoma, Ont. 

11 - Carpenter>Hixon Co., Camp No. 26, Algoma, Ont. 

12 - Ranger Lake and Little Garden River, Algoma, Ont. 
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Table 5b. Occurrence of Sporophores of Trametes Pini on Infected Trees. 


Locality 

Age of 
Tree 


Area of 

Pore Surface 
(sq. inches) 

Ht. of Sporophore 
Above Ground 
(feet) 

Locus of* 
Sporophores 

1 

51 

7.6 

0.75 

9.5 

Old scar 

8 

58 

7.5 

0.25 (D) 

4.5 

Punk knot 




0.25 (D) 

4.5 

II II 


62 

9.3 

0.12 

8.0 

Stub 


65 

12.0 

0.50 

4.5 

Punk knot 


52 

6.4 

0.05 

5.5 

Stub 

5 

90 (approx.) 

13.5 

2.0 

1.0 

Punk knot 


90 

16.0 

0.50 

16.0 

II II 


90 

12.0 

3.0 

8.0 

II II 

6 

145 

22.0 

0.12 

8.0 

On stub 


(approx.) 






II 

9.0 

0.25 

8.0 

14 II 





9.0 

li il 




2.0 (Group) 

9.0 

14 it 




2.0 (Group) 

12.0 

44 44 


41 

28.0 

3.0 

8.0 

Punk knot 


II 

26.0 

0.05 (D) 

5.0 

On stub 




0.05 (D) 

6.0 

4 4 44 


II 

14 

0.5 

10 

Punk knot 


II 

15 

2.0 

9 

Stub 


II 

18 

0.05 

10 

44 


II 

22 

1.5(D) 

12 

4 4 


II 

25 

6.0 (D) 

1.5 

44 


II 

28 

0.05 

3.0 

Punk knot 




0.05 

6.0 

Stub 


41 

tl6 

6.0 

2 

Punk knot 




6.0 

2 

Stub 




20.0 (Group) 

0 to 8 

Bark 



16 

3.0 (D) 

8 

Stub 

7 

140 

20 

5.0 

8 

Stub 




5.0 (D) 

40 

44 


188 

19.5 

2.0 

40 

44 


180 

11 

2.0 

6 

Punk knot 




2.0 

7.5 

Stub 


140 

14 

10.0 (Group) (D) 6 to 7 

Punk knot 


185 

17 

8.0 

2.5 

14 44 




0.75 

5.5 

41 II 

11 

215 

22.2 

2.0 

45 

Stub 

18 

280 

20.5 

1.5 

7 

Punk knot 




0.25 

7.2 

11 14 


200 

11.7 

0.05 (D) 

25.0 

Stub 




0.05 

25.0 

41 


t — Tree dying. 

D— Sporophore dead. 

-Sporophores on **stub" are attadhed directly to wood of stub. 

Spofxiphores on **punk knot" are attached to bark» the stub having been buried 
by growth. 
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Table 6. Frequency of Sporophores of Trametes Pint on Cull Logs and 
Windthrown Timber. 


Locality 

Age of Cut 
(yrs.) 

No. of Logs 
Examined 

No. of Logs 
Bearing 
Sporophores 

No. of 
Sporophores 
Per Log 

Lynx Lake (Algonquin 
Park, Cm.) 

1 

22 

9 

1-9 

Lynx Lake 

2 

8 

7 

2.L 

Lynx Lake 

3 

13 

10 

1-LL 

Tilden Lake (North Bay 
District, Ont,) 

S 

12 

10 

2-L 

Durham Forest (Simcoc 
County, Ont.) 

10 

9 

4 

1-9 

Phillip’s Depot (Algonquin 
Park, Ont.) 

20 

10 

3 

1-2 

McPhec Lake (North Bay 
District, Ont.) 

18 yr. old 

12 trunks 

7 

1-12 


burn 





L — A great many. 


Table 7. Frequency of Infected Trees in Timber Stands 

No. of Trees Rotted by 

No. of Trees T.P. C.R. 


Locality 

Examined 

No. 

Per Cent. 

, No. 

Per Cent. 

J.R.B. No. 8 

90 

44 

49 

30 

88 

Carp.'Hix. No. 26 

67 

40 

60 

32 

48 

J.R.B. No. 2 

2B 

21 

81 

14 

54 

Ranger Lake 

13 

13 

100 

10 

77 

Carp.-Hix. No. 28 

32 

26 

81 


94 


T.P . — Trametes Pint Rot, typical form. 
C.R. — Cavity Rot. 
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Table 8. Classified Rot Volumes, 
(figures ® cubic feet.) 


Locality No. ol Volume 
(see tabic Trees of 

5a) (Basis) Treesd) 

Volume 
of dead 
Cull 
Loss 



Rot \ olunic 



T P 

( R 

T.P and 
C R 

Other 

Rots 

'Total 

Rot 

Cruise 
Cull (2) 

8. 

90 

2090 1 

407 6 

129 9 

39 9 

169 8 

96 6 

26f> 4 

477 8 

11. 

07 

5773 6 

968 6 

613 1 

192 9 

836 3 

112 6 

948 9 

1344 3 

9. 

26 

2488 2 

955 4 

320 8 

177 3 

498 1 

143 3 

611 4 

1120 8 

12. 

13 

1134 4 

420 6 

182 2 

37 5 

219 6 

92 5 

312 1 

565 6 

10. 

32 

6875 3 

2133 8 

961 1 

578 7 

1539 8 

435 7 

1975 5 

290f> 0 


(1) — From stump to top cut. 

(2) — ^Total volume of dead cull logs plus volume of rot m other logs. 


Table 9 Classified Rot Volumes 
(Figures =« per cent ) 


Total Volume of each kind of lol per cent, 

volume of Total Rot 


Locality 
(see table 5a) 

No. of 
Trees 
(Basis) 

Total 
Volume 
of 1 rees 

of Dead 
Cull 
Logs 

T otal ~ 
Volume 
of Rot 

1 P 

C R 

1 P. and 
C R 

Ol her 
Rots 

8. 

90 

100 

15 

9 9 

49 

15 

61 

3() 

11. 

67 

100 

17 

16 4 

68 

20 

88 

12 

9. 

26 

100 

38 

25 8 

50 

28 

78 

22 

12. 

13 

100 

37 

27 3 

58 

12 

70 

30 

10. 

32 

100 

31 

28 7 

49 

20 

78 

22 


Table 10 Classihed Rot Volumes 
(Rot Expressed as Percentage of 1 otal Volume Cut) 


No. of TP Cl uise 

Locality 'Irecs and Other ( ull 


(see table 5a) 

(Basis) 

T.P. 

C R. 

C.K 

Rots 

Total 

Per Cent. 

8. 

90 

4 8 

1 5 

6 3 

3 0 

9 9 

17 8 

11. 

67 

11 1 

3 3 

14 4 

2 0 

16 4 

23 3 

9. 

26 

12 9 

7.2 

20 1 

5 6 

25 8 

45 0 

12. 

13 

16 0 

3 3 

19 3 

7 9 

27 3 

49 9 

10. 

32 

14 0 

8 4 

22.4 

6 3 

28 7 

43 1 



78 


Transactions of the Royal Canadian Institute 


3« Bibliography 

1. Abbott, F. H.; The red rot of conifers. Vermont Agric. Exp. Sta* Bui. 191, 

1915. 

2. Boyce, J. S.: A study of decay in Douglas fir in the Pacific north-west, U.S 

Dept. Agric. Bui. 1163. 1923. 

3 . Decay in Pacific north-west conifers. Yale Univ. Osborn Bot. 

Lab. Bui, 1. 1930. 

4 ^ Decay and other losses in Douglas fir in western Oregon and 

Washington. U.S. Dept. Agric. Tech. Bui. 286. 1932, 

5. DOesbe&g: Das Aufsuchen von Schwammbfiumen in Kiefer nbestfinden vor der 

Ausbildung von Fruchttragern. Zeitschr. f. Forst-u. Jagdw. 44:1 42-43. 
1912. 

6. Faull, J. H.: in Report of Minister of Lands and Forests, Ontario. 1922-23. 

p. 199. 

7. Fritz, C. W.: Cultural criteria for the distinction of wood-destroying fungi. 

Trans. Royal Soc, Can. (3rd series) 17 Sect. 6. 191-288. 1923. 

8. Fritz, C. W., and G. H. Rochester: Red stain in jack pine. Dept, Interior, 

Can. For. Ser, Circ. 37. 1933. 

9. Galloy, a. : De la pourriture rouge consecutive aux d6gftts de cerf dans oertaines 

pessierts de THertogenwald. Bui. Soc. Cent. Forestiere de Belgique. 28:7. 
400-405. 1925. 

10. Gernlbin.: Ueber die GrOsse der Werthverminderung haubarer Kiefern- 

bestande durch den Kiefernbaumschwamm {TrameUs Pint)* Zeitschr. f. 
Forst-u. Jagdw. 31:4. 210-217. 1899. 

11. Haddow, W. R.: An instance of early infection of white pine (P$nus Sirobm L.) 

by Trameles Pint, Forestry 8:2. 165-157. 1934. 

12. Hartig, R.: Wichtige Krankheiten der Waldbd.ume. 1874. 

13 . Die durch Pilze erzeugten Krankheiten der Waldb&ume. 1875, 

14 . Die Zersetzungserscheinungen des Holzes. 1878. 

15. Hbdgcock, G. G.: Notes on some diseases of trees in national forests. 2. 

Phytopath. 2, 73-80. 1912. 

16. Hole, R. S.; Trametes Pint Fries in India. The Indian Forest Records 5:5, 

159-184. 1914. 

17. Kahn, Abdul Hafiz.: Root infection of Trametes Pint (Brot.) Fr. Indian 

Forester. 36:10. 559-562. 1910. 

18. Libsb, j.: Hdzschutz gegen Pilze im Walde, Zeitschr. f. Fortt- und. Jagdwesen. 

60:5. 287-296. 1928. 

19 . Beobachtungen fiber Stamm- und Stockfiiulen unserer Waldb&ume. 

Zeitschr. f. Forst-u. Jagdwesen 62:7 and 8. 579-691. 1930. 

20. Lloyd, C. G.: Synopsis of the Genus Pomes, 274. 1915, 

21. Long, W, H.: A preliminary report on the occurrence of western red rot in 

Pinus ponderosa, U.S. Dept. Agric. Bui. 490. 1917. 

22. Martin,: Der Etnfluss des Baumschwamms auf die Umtriebszeit der Kiefer, 

Zeitschr. f. Forst- und. Jagdwesen. 35:11. 678-690. 1903. 

23. Mayes, W.: Note on the occorrenoe of a parasitic fungus on Pinus exedsut 

Indian Forester. 31:7. 369-372. 1905. 

24. McCallum, A. W.: Decay in balsam fir (AHes baUamea Mill.). Dept. Agric., 

Canada. Bui. 104 N.$. 1928. 



The Disease Caused by Trametes Pini 


79 


25. Mbinbcke, £. P.: Forest pathology in forest regulation. U.S. Dept. Agric. Bul.^ 

276. 1916. 

26. Basic problems in forest pathology. Jour. For. 16:2. 215- 

224. 1917. 

27. Forest protection—- diseases. Jour. For. 23:3. 260-267, 

1926. 

28. The evaluation of loss from killing diseases in the young 

forest. Jour. For. 26.3. 283-298. 1928. 

29. Quaking aspen: a study in applied forest pathology. U.S. 

Dept. Tech. Bui. 166. 1929. 

80. MOller, a.: Uber die Notwendigkeit und Mdglichkeit wirksamer Bekampfung 
des Kiefembaumschwammea Trametes Pini (Thore) Fries. Zeitschr. f. 
Forst-u. Jagdwesen. 36:11. 677-716. 1904. 

31 ^ Der Kampf gegen den Kicfernbaumschwamm. Zeitschr. f. 

Forst-u. Jagdwesen. 42:3. 129-146. 1910. 

32 . Der Kampf gegen den Kicfcrn- und Fichtcnbaumschwamm. 

2Uiit8chr. f. Forst-u. Jagdwesen. 46:4. 193-208. 1914. 

38. Neuman, J. J.: The Polyporaceae of Wisconsin. Wis. Geol. and Nat. Hist. 
Survey. Bui, 33. 1914. 

34. Overholts, L. O.: Comparative studies in the Polyporaceae. Ann. Mo. Bot. 

Card. 2. 667-730. 1916. 

35. Owens, C. £.: Studies on the wood-rotting fungus Pomes Pini I. Variations 

in morphology and growth habit. Amer. Jour. Bot. 23:2. 144-149. 1936. 

33 , Studies on the wood-rotting fungus Pomes Pini II. Cultural 

characteristics. Amer. Jour. Bot. 23:4. 235-264. 1936. 

37. Percival, W. C.: A contribution to the biology of Pomes Pini (Thore) Lloyd. 

(Trametes Pini (Thore) Fries). N.Y. State Coll. For. Tech. Pub. 40. 1933. 

38. RdHRiG, H.; Verbreitung und Bek&mpfung des Kiefernbaumschwammes in der 

' Staatsforsten des Regierungsbezirks Potsdam. Forstarchiv. 10:9. 137-146. 

1934, 

39. Runnebaum.: DerKiefernbaumschwamm. (TVamefer P»m). Zeitschr. f. Forst- 

und. Jagdwesen. 23:10. 606-609. 1891. 

40. SCHRBNK, H. VON. : A disease of Taxodium distichum known as peckiness, also a 

similar disease of Libocedrus decurrens known as pin -rot. 11th Ann. Rep. 
Mo. Bot. Card. 24-27. 1900. 

41. Some diseases of New England conifers. U.S. Dept. Agric. 

Div. Veg. Physiol, and Path. Bui. 26. 1900., 

42. Sharps, J. F.; and J. A. Brodie: The forest resources of Ontario. Dept. Land 

and Forests, Ont. 1981. 

48. Singh, S.: The liability of deodar to the attack of Trametes Pini (Brot.) Fr. in 
Lolab. Kashmir. Indian Forester. 50:7. 361-365. 1924. 

44, SuRi, P. N.: Trametes Pini on deodar in the Baspa valley, Bushahr State, 
Punjab. Indian Forester. 52:7. 327-330. 1926. 

46, Weir, J. R.: The cavities in the rot of Trametes Pini as a home for hymen- 
opterous insects. Phytopath. 4:5. 386. 1914. 

43. Observations on the pathology of jack pine. U.S. Dept. Agric. 

Eul.212. 1915. 

Some factors governing the trend and practice of forest sanitation. 
For. Quart. 13:4. 481-489. 1915. 


47 , 



80 


Transactions of the Royal Canadian Institute 


48* Weir, J. R„ and E. E. Hubert: A study of heart rot in western hemlock* 
U.S. Dept. Agric. Bui. 722. 1918. 

49 , Forest disease surveys. U.S. Dept. Agric. Bui. 658. 1918. 

59 , A study of the rots of western white pine. U.S. Dept. Agric. Bui. 

799. 1919. 

51 , Pathological marking rules for Idaho and Montana. Jour. For. 

17:6. mum. 1919. 

52. Willis, C. P. and J. V. Hofmann: A study of Douglas fir seed. Proc. Soc. 

Amer. For. 10:2. 141-104. 1915, 


4. Explanation of Plate 1. 

(Photo-micrograph figs. 5-13 by Dr. D. H. Hamly, University of Toronto.) 

Fig. 1. Pore surface, Pint, from white spruce, (x-8.6). 

Fig, 2. Pore surface, Trameteit Pini, from Douglas fir. (x-8 6). 

Fig. 3. “Punk knot” in while pine caused by Trametes Pint, Tree No. 1. Plot 
No. 4. (x-0.2). 

Fig. 4. Surface lesion caused by Trametes Pint radiating from a “punk knot” on 
trunk of white pine. The bark has been freshly peeled. “Bull grain” wood, 
“punk knot*' substance and resin flow are conspicuous, (x-0.2). 

Fig. 5. Transverse section through margin of “punk knot” at cambial region in 
white pine. “Punk knot” substance at upper right. Living phloem (with 
dying cells interspersed) at lower left. Cavities in the phloem arc resin 
filled, (x-70). 

Fig. 6. Transverse section through cambial region in white pine at periphery of 
“punk knot”. Specimen collected in the fall. Hyphae massed on face of 
wood, and occurring intracellularly in tracheids. Phloem largely dis» 
organized. Traceid at lower left isolated in necrotic phloem, (x-300). 

Fig. 7. Radial section through sapwood of white pine invaded by Trametes Pint from 
beneath. The tracheids shown arc 2.57 mm. from the cambium. Hyaline 
hyphae, thick-walled hyphae, modose hyphae, and sclerotiuid bodies are 
present, (x-300). 

Fig. 8. Tangential section through “bull grain” sapwood of white pine. Hyphae in 
tracheids are appressed to nucleated ray cells, and have invaded necrotic 
cells shown in centre, (x-214). 

Fig. 9. 1 angential section through “bull grain” wood of white pine showing inflated 
ray cells. (x-2l4). 

Fig. 10. Tangential section through “bull grain” wood of white pine showing inflated 
ray cell with nucleus, blocking tracheid. (x-214). 

Fig. 11. Tangential section through “bull grain” wood of white pine showing tyloses. 
(x-214). 

Fig. 12. Tangential section through “bull grain” wood of white pine showing tyloses 
and segmentation of Iracheary elements, (x-214)* 
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A STUDY OF THE HELMINTH PARASITES OF LAMBS IN 

ONTARIO 

A. Murray Fallis 

Ontario Research Foundation, Toronto, Canada 
Introduction 

The present study of the helminth parasites of lambs aims to treat 
the problem from several standpoints: the distribution of parasites 
within the host, the degree of infestation with various kinds and their 
seasonal variation, and also the geographical distribution of the different 
species in the area from which the lambs came. 
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I. Matbruls and Methods 

The lambs, on which the present studies were based, were selected at 
random at a Toronto abattoir from shipments received from known 
localities. Material obtained from one hundred and forty-four lambs 
formed the basis of this study. 

The viscera of two or three of these were examined each week for a 
period of 15 months from April, 1935, to August, 1936. This was fresh 
material taken at the time of slaughter and sent at once to the laboratory. 
The ages of the animals were, with one or two exceptions, one year old or 
less. 

The viscera were placed in a large sink in the laboratory and there the 
heart, liver and lungs were separated from one another and from the 
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alimentary tract. Each was examined externally for the presence of 
worm nodules and then cut open and examined internally for parasites. 
The nodules were crushed and examined between glass plates in many 
cases, although generally the presence or absence only of the nodules was 
noted without any microscopic examination. 

It was pointed out in the introduction that the study was concerned 
with the helminth parasites, so that whenever the term “parasite” is used 
in the present paper it is meant to refer to the worm parasites. 

The abomasum was next separated from the intestine and opened from 
end to end. The contents were washed with running water, through a 
60-mesh brass screen, until free of all colouring material and debris which 
passed through the screen. The lining mucosa of the abomasum was 
washed thoroughly and examined for lesions. The contents of the 
abomasum remaining on the screen were diluted up to 1,000 cc. with 
water, in a 3-Utre glass jar, then while constantly agitating to distribute 
the worms as uniformly as possible throughout the liquid, 60 cc. were 
removed with a wide-mouthed pipette (12 mm.) and a few drops of for- 
malin were added. Ail the worms in this 50 cc. sample were counted and 
multiplied by twenty, giving an approximation of the number of worms 
in the entire sample. This dilution method is approximately that de- 
scribed by Taylor (1984)* for dis^nosing parasitic gastritis in sheep. It 
is realized there may be a considerable error in counting such a small part 
of the litre. But, owing to the large amount of material which was 
usually present in a lamb's stomach it was found impracticable to count 
all the worms in it. The larger worms could be counted with the naked 
eye, but a low power binocular (30x) and a petri dish which had been 
ruled into squares were used for counting the smaller ones. 

The small intestine, which is approximately one hundred feet long in 
lambs, was examined by tying it off in two-foot lengths, b^inning at the 
pylorus, and washing each of these separately in order to determine the 
distribution of the worms within the gut. When not concerned with the 
actual habitat of the worms the separation was in ten-foot lengths only. 
A few examinations revealed that the majority of the parasites, excepting 
the tapeworms, were found in the proximal 60 feet of gut. Subsequently, 
the more distal portion was examined only for tapeworms. 

The nematodes tend to attach themselves to the intestinal wall and 
may even remain attached when the viscera have cooled to room tempera- 
ture. This precludes the possibility of any extensive movement the 
nematodes following the removal of the viscera from the lamb, with the 
possible exception of immature specimens of Ascaris sp. which were 
found in two animals. 

The technique for examining the intestinal contents was similar to 



Figs. 1*8, Photomicrographs showing spicules of various nematodes. 1. Trichostrongylus 
ixttnwUus X 260 ; 2. T. eolubrtformis x 260 ; 3. T, vttrinus x lOS; 4. Cooperia oncophora x 
260 ; 5. C. curticei x 260 , 6. Nemaiodirus spathiger x 105 ; 7. M fUicollis x 105 ; 8. Ostertagia 
circumcineta x 105. 

Fig. 9. Bunastomum tngonociphalum; Buccal cavity 




Figs. 10-18, Eggs of various nematodes. 10. Cooperia curticei; 11. C. oncophora; 1«. 
Haemonchus contortus; 13. Chabertia ovina; 14. Trichostrongylus vitrinns; 15. Ostertagia 
circumcincta; 16. Sirongyloides papillosus; 17. Nemaiodtrus spathiger; 18. Trichuris ovis. 
Fig. 17 is X 420, all others x 580, but entire plate was reduced 20% in reproduction. 






Helminth Parasites of Lambs in Ontario 


85 


that described for the abomasum except that in many cases all the worms 
in the sample were counted and Taylor’s dilution method was not 
necessary. 

The caecum was examined in a similar way and all the worms which 
were adhering to the wall of the gut were counted. 

In the case of the large intestine the proximal half was examined and 
the latter half discarded. The parasites in the entire sample were 
counted. 

No attempt was made to obtain a mathematical estimate of the error 
involved in counting the worms. It would differ in each case depending 
on the amount of debris which was left with the parasites. Moreover, 
the error would not be the same for all kinds of parasites as there was a 
much greater chance of overlooking the smaller forms among the debris 
than the larger ones. Experience and care in counting would reduce it 
to a minimum. 

The term “infection” as used throughout this paper refers to the 
presence of parasitic worms rather than to parasitic bacteria or a combina- 
tion of the two. 


II. Identification of Specimens 

The nematodes were identified with the assistance of the descriptions 
and keys given in Baylis (1929), although MOnnig (1934), and Yorke and 
Maplestone (1926) were consulted frequently. A paper by May (1920) 
and one by Price (1927) were useful for the identification of species of 
Nematodirus, 

The genera, although not all species, could be separated under low 
magnification. Consequently, the species present were determined, 
although the numbers of each were not, with the result that the geograph- 
ical distribution and incidence of infection with the various species were 
found but not the degree of infestation with each. 

The characters of some species which are useful in separating them 
are illustrated in figures 1-9. The spicules of three species of Tricho- 
sirongylus are shown in figures 1-3. The difference in their length is 
apparent. The one spicule longer than the other in T. extenuatus, the 
barbed tips to those of T. colubriformis and the pointed tips of T. viirinus 
are also i^own. The difference in the size and character of the spicules 
in the species of Cooperia and Nematodirus can be seen in figures 4-7. 
The typical spicules of Ostertagia circumcincta are shown in figure 8 and 
the characteristic dorsal tooth in the buccal cavity of Bunostomum trigo- 
nocephalutn in figure 9. 
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III. Method of Diagnosing Infestation 

The usual method of diagnosing parasitic infection is by finding the 
eggs of the parasite in the faeces. It was pointed out by Hall (1923) and 
Wood (1931) that infestation with all species of sheep parasites could not 
be decided by the size of the eggs alone. Dikmans and Andrews (1933) 
made a morphological study of the infective larvae of a number of sheep 
parasites and concluded that diagnosis based on larval characters is diffi- 
cult. It was thought a careful study of the shape of the eggs of the 
different species, considered along with their size, might assist in diag- 
nosis. It will be apparent fiom an examination of figures 10-18 that 
infection with all species cannot be determined by this method as the 
eggs of many are too much alike in size and shape. The lateral walls of 
the eggs of Coopcria (figures 10-11) are more nearly parallel than some of 
the others although their size is almost identical with those of Ilaemonchus 
(figure 12). Chaberiia eggs (figure 13) tend to have parallel sides also and 
although they are a little larger than those of Ilaemonchus the two kinds 
might be confused. The more pointed ends of Trichosirongylus eggs 
(figure 14) help to distinguish them but there is some similarity between 
these and those of Ostertagia (figure 15). The eggs of Strongyloides (figure 
16) can be recognized because they are smaller than any of the others, and 
the large size of the eggs of Nematodirus (figure 17) is characteristic. The 
typical “plugs’* at the ends of the Trithuris egg (figure 18) leaves no 
doubt as to its identity. 

Stoll (1923) devised a method for estimating the number of hook- 
worms in an animal by counting the number of eggs in the faeces. The 
method has since been usefully applied to other species. It cannot be 
used for finding the degree of infestation of a lamb with parasites when 
several kinds are present because of the similar appearance of the eggs of 
many. Instead it is necessary to study the degree of infestation by 
counting the number of parasites present. 

IV. Occurrence and Relative Abundance of Species 
List of species 

Nineteen species of helminths belonging to fifteen genera have been 
taken from one hundred and forty-four animals examined. They are 
listed below: 

Class— Cestoda 

Moniezia expansa 

Class — Nematoda 

Ascaris sp. 

Strongyloides papillosus 
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Oesophagostomum columbianum 
Chabertia ovina 
Bunostomum trigonocephulum 
Diciyocaulus filaria 
Muellerius capillaris 
lyichostrongylus vitrinus 

** colubriforntis 
extenuatus 

Cooperia curticei 

oncophora 

Osiertagia cirrumcincta 
Ilaemonchus contortus 
Nematodirus spaihiger 
** filicolli^ 

Trichuris ovis 
Capillaria sp. 

V. Degree of Infestation 

The frequency and severity of infevStalion with the difierent genera of 
worms is given in table 1. This table is based on the results of the 
examination of 129 lambs since the parasites from the first 15 animals 
were not separated quantitatively into the various genera. Parasites 
were found in each of the 144 animals. A minimum of fifty worms was 
taken from one lamb while the maximum obtained was 22,788. The 
average number per animal, based on the results of 144 examinations, 
was 4,296. 

The mass of the parasites found in different lambs is quite variable, 
depending on whether tapeworms are present or not, for the nematode 
parasites are small in comparison. As much as one-half litre or more of 
tapeworms was sometimes taken from a single lamb, and although hun- 
dreds of nematodes may be present they occupy only a small space. 
Large numliers of some of the small nematodes are known to be patho- 
genic, whereas the degree of pathogenicity of the tapeworm is still 
unknown. 

The genera found most commonly were Osiertagia, Trirhosirongylus, 
Nematodirus and Cooperia, all of which were present in over 80 per cent, 
of the animals. Haemonchus although an important parasite in many 
countries, was found in only 60 per cent, of the lambs. This worm 
showed a marked seasonal variation in numbers which may partly account 
for the lower figure obtained. A rather high percentage of animals was 
infected with some of the other genera, e.g. Trichuris and Chabertia, but 
they were seldom present in large numbers. 
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TABLE 1 

Infestation with Different Genera of Parasites, Based on Eeaminatzon 

OF 129 Animals 


Kind of Parasite 

No. of 
Animals 
Infected 

% 

Infected 

Av. No. of 
Worms per 
Animal 

Av, No. of 
Worms per 
Infect^ 
Animal 

Minimum 

and 

Maximum 
No. of Worms 
per infected 
Animal 

Haemonchus 

79 

60.3 

235 

383 

20—6,200 

OsUrtagia 

106 

82.2 

546 

667 

20-4,400 

Trichostronfiylus in 
Abomasum . . . 

lOfi 

82.2 

1,272 

1,648 

20—10,940 

Trichostrongylus i n 
Intestine . . 

119 

92.3 

696 

756 

l--8,63r 

Strongyloides .... 

121 

93.8 

225 

240 

1—1,673 

Nematodirus 

113 

87.6 

582 

672 

1—10,136 

Cooperia 

122 

94.6 

487 

518 

1—9,471 

Bunoslomum 

49 

37.4 

6 

16 

1—164 

Moniesia 

35 

26.7 

18 

65 

1—938 

Oesophagostomum 
nodules 

53 

40.4 




Oesophagostomum 
worms 

44 

33.5 

2 

6 

1—42 

Trickuris, .... 

87 

66.4 

14 

21 

1—461 

Chahertia 

88 

67.1 

21 

31 

1—888 

MutUerius 

55 

42.6 

. . . 


.... 

Dictyocaulus 

1 

0.8 




Ascaris 

1 2 

1.3 



.... 


TABLE 2 


Shows the Number and Percentage of 129 Lambs Infected with Different 
Numbers of Genera 


No. Genera of 
Parasites 

No. of Animals 
Infected 

Percentage of Animals 
Infected 

8 

1 

0.8 

5 

6 

4.8 

6 

17 

18.0 

7 

21 

16.0 

8 

24 

18.3 

9 

35 

26.1 

10 

18 

18.7 

11 

6 

4.6 

12 

1 

0.8 


Average number of genera of parasites harboured by a single animal was 8« 
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In view of the seasonal variation in numbers of some parasites, to be 
discussed later, a misleading result might be obtained if the animals were 
examined at only one season. 

Some genera were represented by more than one species. The 
number of individuals of each of these species was not counted for reasons 
stated in the paragraph on identification although they were identified 
in order to get the incidence of infection, together wtih their geographical 
distribution. The frequency of occurrence was found to be as follows: 
Trichostrongylus coluhriformis in 46.6% of the lambs; T, vitrinus in 
36.6%, and T, exUnuatus in 28.1%. A mixed infection with T. vitrinus 
and r. coluhriformis occurred in 10.3%; with T. vitrinus and T. exten- 
uatus in 8.2%; with T. coluhriformis and T. extenuatus in 8.9% of the 
cases; and all three species were present in 2.7% of the cases. In 16.4% 
of the lambs the trichostrongyles were identified only as to genus. 

Cooperia curticei was present in 64.4% of the animals; C. oncophora 
in 22.6%, and there were 8.2% in which identification was not made to 
species. 

Nematodirus filicollis was recovered from 39.6% of the lambs, and 
N. spathiger from 24.7%, and the specimens obtained from 9.6% were 
identified only as to genus. 

Haemonchus contortus, which is known to be of pathogenic signi- 
ficance, was not found in very large numbers except in animals examined 
in late summer. 

A summary of the number of genera harboured by the different 
animals is given in table 2. The smallest number ever present was 
three, the largest twelve and the average eight, but it will be noticed that 
the largest percentage of the animals was infected with nine genera. 

The degree of infestation of animals received from different localities 
in the province was quite variable and no correlation could be established 
between environmental conditions outside the host in the different locali- 
ties and the degree of infestation of the animals. This has been done to 
quite an extent in Australia (Ross and Gordon, 1936), where the degree 
of infestation has been correlated with rainfall. The differences in rain- 
fall in different parts of Australia are much greater, however, than in 
Ontario. This province also differs from Australia in that the temper- 
ature here for two or more months of the year is usually well below 
freezing, which factor may affect the degree of infestation with some 
species. Infestation will vary from place to place, depending on the type 
of pasture, but the random sampling over the entire area will tend to 
offset the variation produced by this. 

Hie parasites found most widely distributed over the whole area were 
HaemonchuSt OsUrlagia, Trichostrongylus, Strongyloides, Nematodirus and 
Cooperia. 
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VL Distribution of Parasites within the Host 

It has long been known that different species of animal parasites 
inhabit a variety of situations within their hosts. The parasites of Iambs 
are no exception so that some consideration has been given to the different 
habitats which some of these occupy. 



Fig. 19. Comparative numbers of parasites in two*foot sections of the 
small intestine. 
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distribution of trichostrongylus, strongyloides, nematodirus, 

AND COOPERIA 

The number of worms in each two-foot length of the first fifty feet of 
the small intestine of twenty-six lambs was determined by tying it off 
and counting the worms in each of the lengths separately. As it was 
desirable that the counts have significance, the number of specimens of 
each genus were not used unless there were at least one hundred present 
in the animal. Nine of the animals fulfilled these conditions for Tricho- 
strongylus] eleven ior Strongyloides] nineteen for ; and thir- 

teen for Cooperia. 

The numbers of each genus were treated as follows: From the total 
number of worms in the animal the percentage in each section was cal- 
culated (table A, appendix). This was done in order to give equal weight 
to the results whether there were only one hundred specimens present or 
many times this number. The average percentage in each section was 
then calculated and from this data figure 19 was constructed. 

By reference to figure 19 it will be seen that Trichostrongylus reached 
its peak in the first two feet of intestine; Strongyloides in four to six feet; 
Nematodirus in four to eight feet; Cooperia in eight to twelve feet. It is 
to be noticed, of course, that the distribution of all of these genera 
overlaps to a considerable extent but the fact that the maximum number 
of one genus occurred in a different section from that of the others is 
probably of some significance. Moreover, those genera found more dis- 
tally had a more extensive distribution than those situated nearer the 
pylorus. That is to say, a larger percentage of Trichostrongylus and 
Strongyloides sf)ecimens were concentrated in regions of maximum num- 
bers than was found to be the case with Nematodirus and Cooperia, 

distribution of other parasites 

Haemonchus contortus, Ostertagia circumcincta, and Trichostrongylus 
are found in the fourth stomach. Species of the latter also inhabit the 
proximal part of the intestine, but T, extenuatus occurs more frequently 
in the stomach. Specimens of the two former species were sometimes 
found in the intestine. They were never found here in large numbers 
and may have been on their way to being expelled from the host. 

The location of these worms leads to speculation as to how they live 
in such an acid environment. The cuticle which they possess is no doubt 
of value in preventing peptic digestion. This is indicated by the fact that 
it is difficidt to get fixing agents and staining media to penetrate it. 
Experiments by Stewart (1933) suggest the worms secrete some substance 
which tends to neutralize the peptic ferments. The tendency of the 
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worms to attach themselves to the mucosa no doubt prevents them from 
being swept on into the intestine along with the host’s food. They must 
also be adapted to the type of food which they can obtain in the stomach 
and it may be that they produce substances which prevent peptic digestion 
but that these are useless against the tryptic enzymes. More conclusive 
answers to these and other problems relating to the physiology of hel- 
minths will be more ea.sily solved if someone succeeds in cultivating the 
worms in vitro. 

The tapeworm {Moniezia) when mature, must, of necessity, because of 
its length (20 ft.-30 ft.), be adapted to a considerable range of conditions. 
The distribution of the worm in the intestine is extensive, not merely 
because of its size but from point of number of individuals as well. The 
individual specimens, as determined by the number of scolices, were taken 
from a wide range of the intestine, beginning 20 feet from the pylorus 
and extending back to 80 feet or more. The largest number were usually 
found at least 40 feet or more posterior to the pylorus. Thus, in general, 
they were located posterior to most of the nematodes. This position is 
to be expected since possessing no digestive system they must obtain 
their nourishment by absorption over their body surface. It is not sur- 
prising, therefore, to find this parasite where food is present in a state in 
which it can be absorbed. Further, the tapeworm does not possess as 
thick a cuticle as some of the nematodes and so may be less able to with- 
stand the action of the digestive juices. 

The hookworm {Bunostomum trigonocephalum) was seldom taken in 
large numbers. The largest number was usually found 20-30 feet pos- 
terior to the pylorus, although specimens were not always confined to 
these limits. Their situation in this position raises the question as to 
what extent their nourishment consists of the host's food which has been 
broken down by enzymes and to what extent of the host’s tissues. If 
their nutrition is partly dependent on the absorption of already digested 
or partly digested food material either orally or over the entire body 
surface it would help to explain their location. Davey (1937) shows a 
photograph of a hookworm which was attached to a specimen of Moniezia 
in the same host. Does this suggest that the hookworm may not neces- 
sarily feed on the host’s tissues? A small petechial spot is produced, how- 
ever, at the point where a worm is attached to the mucosa. 

Chabertia ovina lives in the large intestine just posterior to the attach- 
ment of the caecum. This situation is probably the most favourable on 
account of its food supply. Wetzel (1931) has shown that the worms feed 
on the mucosa and as this is quite thick in the upper part of the colon, 
this location should be one of the most suitable for the species. 

The larvae of Oesophagostotnum columbianum were found invading the 
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intestinal wall anywhere from the duodenum to the colon. In some cases 
the caecum was almost covered by nodules which had been formed about 
the invading larvae. 


OISCUSSION 

It is seen from the above that each of the worms is adapted to different 
conditions such as availability of food, acidity, digestive ferments, peris- 
talsis, ^nd the mechanical passage of food. The processes by which 
different species have become adapted are no doubt similar to those which 
have led to the adaptation of all other animals to different habitats. 

The nature of the food of some of the parasites may determine to some 
extent their situation in the host. For example, the tapeworm Moniezia 
is found where food is available in a state in which it can be absorbed. 
Chabertia inhabits the large gut and feeds on the mucosa (Wetzel, 1931), 
which is comparatively thick in this region. Some parasites as Ilaemon- 
chus and Bunostomum are known to take blood from the host. A spectral 
analysis of the body fluid of Nematodirus was made during the present 
study and it showed the absorption bands for oxyhaemoglobin, which 
indicates that this parasite also obtains blood. 

Differences in the acidity of the environment will not alone account 
for the distribution found. Determinations of the pH of the abomasal 
and intestinal contents were made on three different animals by an 
electrometric method. The fourth stomach had an average pH of 5.5, 
the first two feet of intestine 6.2, the next two feet 6.4, and for the next 
twenty feet it was anywhere from 6.6 to 6.7. Thus while the difference 
in acidity between the first few feet of the intestine and the more posterior 
portion might be sufficient to account for the situation of Trichostrongylus 
and StrongyloideSf it would not explain that for Nematodirus^ Cooperia, 
Moniezia, and Bunostomum, The range in conditions which many para- 
sites will tolerate has no doubt definite limits, and the extent of these will 
depend on the adaptation of the parasite to its environment. The limited 
conditions which parasites will tolerate is indicated by the difficulties 
which have attended attempts to keep any of them in vitro. 

It is suggested that a consideration of the distribution and character 
of some of these worms gives some indication of the comparative length 
of time during which they have been adapted to the parasitic mode of life. 
If it is assumed, as is generally believed, that the parasitic habit arose by 
the chance ingestion of free-living larvae, then it is reasonable to suppose 
that only those worms which were able to live in their new environment 
would produce progeny. And only those progeny which inherited the 
qualities which allowed their parents to survive in the environment would 
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live. Thus in time a race of parasites would be obtained which was 
adapted to live only in their new situation. 

Attention will be directed especially towards a consideration of the 
distribution of Trichostrongylus, Strongyloides, Nematodirus, and Cooperia, 
the maximum numbers of which were present in this order, beginning at the 
pylorus and proceeding posteriorly. In addition, the last two genera had 
a more extensive range in distribution in the intestine than the two former. 
It seems that this may indicate that Nematodirus and Cooperia have been 
leading parasitic lives for a longer period than the other two and have 
become adapted to a wider range of environmental conditions. It must 
be remembered that Trichostrongylus also occurs in the abomasum and it 
may well be that this was the original host environment in which it lived 
and it is gradually becoming established in the intestine. 

One might inquire as to what other evidence there is that Tricho- 
strongylus and Strongyloides have adopted the parasitic habit more re- 
cently than Nematodirus and Cooperia. Certain morphological features 
suggest the correctness of this view. The bulbous expansion of the 
anterior ends of Nematodirus and Cooperia will assist them in clinging to 
the mucous membrane. This feature appears to be an adaptation to a 
parasitic mode of life and is lacking in the other genera. It is a well 
recognized fact that those worms which possess the largest number of 
eggs in the uterus are the more highly specialized parasites. Counts of 
the number of eggs in the uterus which had formed into an oval shape 
were made. These results are indicated in table 3. If the eggs of some 
of the worms had recently been shed from the vagina it would account for 
the variation in the counts which was obtained. It will be observed 
from the table that there were on the average thirty-three and twenty-one 
eggs in the uterus of Nematodirus and Cooperia respectively, and fourteen 
and thirteen in Trichostrongylus and Strongyloides. This feature would 
tend, therefore, to add further weight to the theory, especially if it is 
assumed that the mortality of the eggs of Nematodirus and Cooperia is no 
greater than that for Trichostrongylus and Strongyloides. 

The life-histories of Nematodirus and Strongyloides lend support to 
the view that the former has been adapted to the parasitic mode of life 
longer than the latter. The life-histories of all four are similar in that 
the eggs hatch outside the host and the larvae lead a free-living existence 
for a time. The eggs of Nematodirus do not hatdi immediately they 
have embryonated, but not until after the second eodysis of the larvae. 
At the other end is Strongyloides in which there may be a free-living 
generation of males and females interposed between the parasitic stage 
in the sheep and the infective larval stage. 

And finally there is some evidence, which will be presented in the 
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following section on seasonal variation in numbers, that a resistance is 
established against Nematodirus and Cooperia but is lacking, or develops 
more slowly against the other two genera. 


TABLE 3 

Number of Formed Eggs in Uterus of Different Worms 


Nematodirus 

spaihiger 

Cooperia 

curticei 

T richostrongylus 
vitrinus 

Strongyloides 

papillosus 

28 

28 

20 

17 

34 

12 

13 

12 

22 

12 

12 

22 

32 

27 

16 

18 

37 

28 1 

10 1 

11 

33 

27 

12 

16 

33 

22 

11 

10 

40 

17 

15 

14 

33 

20 

11 

12 

39 

21 

13 

18 

38 

17 

11 

12 

37 

20 

12 

13 

24 

16 

16 

16 

24 

25 

14 

14 

26 

24 

12 

15 

32 


1 15 

12 

29 


14 

11 

33 


8 

15 

40 


19 

10 

20 


16 

11 

47 


13 

i 8 

32 


19 

10 

37 


11 

11 

36 


16 

12 

40 


15 

11 

Aver.. .33 

21 

14 

13 


VII. Seasonal Variation in Numbers 

This part of the study has been carried out to determine whether the 
parasites of lambs are more abundant during one time of the year than 
another, and also to discover whether the different genera showed a 
seasonal variation in numbers. This is important to know when we con- 
sider geographical distribution. If their numbers vary at different times 
of the year it is obvious that the sheep population should be sampled over 
a period, in order to get an accurate picture of the distribution and degree 
of infestation throughout the province. 
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AGE OF ANIMALS EXAMINED 

The lambs in southern Ontario are born, for the most part, in March, 
April and May. This means that those shipped to the abattoir during 
the summer were younger than those received later and those animals 
examined in March, April and May would be approximately one year old. 
Although the exact age of the animals was not definitely known they were 
all, except a few yearlings examined in the spring, less than one year old. 
Age is important as some workers hold that age resistance has an impor- 
tant bearing on the number of parasites which may be found in an animal. 
The bearing of this problem on the results of the present study is con- 
sidered in the discussion at the end of this section. 

TOTAL NUMBER OF PARASITES OBTAINED 

There is a slight upward trend in the total number of parasites recov- 
ered from various lambs proceeding from spring and early summer to 
autumn (figure 20). It would be expected that the animals examined 
during the winter would harbour many more parasites than those autop- 
sied in the early summer, if infection consisted of such a simple process 
as the ingestion of infective larvae. But this does not happen in the case 
of all genera as is shown in table 4. And it is seen there is no well-marked 
trend when the average number of all parasites per animal per month are 
considered (table 5). It is necessary to consider the variation in numbers 
of the different kinds of parasites at different seasons to account for the 
rise and fall of total number of parasites throughout the year. 

AVERAGE NUMBER OF GENERA PER ANIMAL PER MONTH 

The average number of genera per animal per month (figure 21) varied 
from a low of seven in June to a high of ten in September, the mean of 
these averages being eight. It is significant that all fifteen genera were 
not found in any one lamb, and there was only a single animal with as 
many as twelve genera. This is obviously of advantage to the parasite 
as well as the host, for the fewer species present the less chance there is of 
affecting the host adversely and therefore the survival of the worms. 

SEASONAL TRENDS SHOWN BY DIFFERENT GENERA 

The six more common genwa, namely, Haemonckus, OsUrtagia, Tricho- 
strongylus, Strongyloidcs, Nematodirus and Cooptria, were not all present 
in maximum numbers at the same period although this is not noticeable 
when they are considered collectively. The genera, such as BunostotnutH 
and Chabertia, which were usually only present in small numbers, gave no 
well-marked indication of seasonal variation. 



Totals of Various Genera per Month 
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TABLE 6 

Maximum, Minimum and Avekace Number of Worms Found per Animal in 

Different Months 


Date 

No. of 
AnimaU 
Examined 

Max. 

Min. 

Aver. 

Total No. 
of 

Paraaitee 

April, 1935 

6 

2,892 

50 

983 

6,901 

May, 1935 

9 

8,850 

611 

3,518 

81,662 

June. 1935 

8 

5,869 

340 

2,211 

17,688 

July and Aug. 1, 1935 

9 

8,796 

511 

2,856 

25,708 

Aug. 30 and 5iept., 1936. 

9 

22,075 

2,208 

6,841 

61.572 

October, 1935 | 

10 

5,654 

1,152 

2,834 

28,342 

November, 1936 

8 I 

14,974 1 

2,450 

5,881 


December, 1935 

8 

11,301 

292 

4,446 

35,572 

January, 1936 

9 

8,965 

959 1 

4,277 

38,493 

February, 1936 

10 

22,808 

1,133 

9,993 

99,933 

March, 1986 

12 

7.097 

1,070 

4,130 

49,560 

April, 1936 

9 

12,475 

428 

4,264 

38,376 

May, 1936 

12 

14,023 

361 

4,299 

51,811 

June, 1936 

13 

22,026 

201 

5,069 

65,902 

July, 1936 

12 

2,970 

647 

1,941 

20,592 


INaOENCE OF INFECTION 

The percentage of lambs examined which were infected with the more 
common parasites is shown in figure 22. The greatest incidence for 
Haemonchus and Ostertagia occurs in late summer and early autumn. 
Some specimens of Trichostrongyltis and StrongyUndes were found in 
almost 100 per cent of the animals examined at all seasons. This con- 
trasts with the work of Kauzal (1933) in Australia, who found the inci- 
dence with Trichostrongylus fell from a peak in the summer quarter to a 
low minimum in the winter. The incidence of infection with the other 
forms shows no significant trends except in the case of OesophagosUmum, 
MueUerius and Monietia. Infection with the two former, as indicated by 
the presence of either worms or nodules, was higher in the winter than in 
the summer. The nodules produced by these parasites remain as evi- 
dence of infection even though the worm may have been destroyed in the 
nodule. Consequently, the larger number of the older animals ex amin ed 
during the winter will be infected because they have been exposed to 
infecdon for a longer time. The infiltration of eonnophile leucocytes 
during the nodule formation in the case of OesophagosUmum coltmbianum 
suggests an attempt on the part of the host to resist the invarion. This 
seems the opposite to what we might at first expect for we think of a 
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resistant animal as one which possesses a slight infection or none at all. 
But in the case of this parasite the most resistant host may be the one 
which shows the greatest evidence of infection. This is, however, a 
special case in which the larvae produce calcified lesions which remain 
permanently on the intestine; whereas in those species which pass their 
entire lives in the lumen of the intestine, their larvae may be passed out, 
if the animal is resistant, without leaving any record of their invasion. 
The number of adult worms found in the lambs was usually quite small 
(table 4). 



Fig. 20. Number of helminth parasites obtained from different lambs. 


Thirty-five per cent of the lambs examined were infected with Moni- 
esfia, Tlie largest number infected was found in summer and early 
autumn. This was followed by a gradual decrease until February and 
March when no infected animals were examined. Two possibilities sug- 
gest ^emselves to account for this. It may be that the host develops 
some resistance against this parasite. Seddon (1931)‘ produced some 
experimental evidence, showing that previously infected sheep when ex- 
posed to re-infection had developed some immunity against this parasite. 

The life-history may be such as to produce these trends. The chances 
of acquiring infection after mid-November appear to be small, especially 
if an intermediate host is involved, although it is not yet known how 
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sheep become infected. Thus if the worms lived only 2-3 months in the 
host, one would not expect to find many infected animals by February 
and March. This is in agreement with the finding of Seddon (1931)*, who 
gave 65-70 days as the average length of life of Moniezia in the host, 
although he got some which lived as long as 75 days. Recent independent 
work by Stoll at the Rockefeller Foundation and by Stunkard at New 
York University gives promise of some positive experimental results on 
the life-history of this tapeworm in the near future. 



Fig. 21. Average number of genera per animal per month. 


DEGREE OF INFESTATION 

A consideration of the degree of infestation with some of the more 
common parasites reveals certain seasonal trends not apparent from the 
incidence of infection. This is shown in table 4 and figure 23. 

Haemonchus contortus has been considered by workers in some coun- 
tries to be one of the most serious parasites of sheep. Ransom (1916) 
pointed out that it is the cause of a great deal of damage to the live stock 
industry, and Monnig (1934) speaks of it as one of their most pathogenic 
species. Sixty per cent of the animals examined during the present study 
harboured this worm. The maximum, minimum, and average number 
of worms found per animal is shown in table 1. 

Maximum infestation with this parasite was found in late summer and 
early autumn (table 4), an average of 1,561 worms being recovered from 
each animal examined during September. This dropped off to a mini- 
mum of eight worms per animal in December and February. There was 
a slight rise again in early spring. The increase in the degree of infesta- 
tion in the animals examined in July, 1936, is also to be noted as the new 
“crop*' of lambs was on the market at this time. 
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Ostertagia circumcincta was recovered from 82 per cent of the animals 
examined (table 1). The average number of worms per animal (546) was 
twice as high as that for Ilaemonchus. The average number of specimens 
of Ostertagia per lamb recovered in the various months followed a trend 
similar to that shown by the monthly incidence of infection. Minimum 



Fig. 22. Percentage of animals infected with various parasites. 

infestation was found in December and January (table 4, figure 23). The 
seasonal fluctuation for this genus was then similar to that of Ilaemonchus 
except in the latter case the numbers dropped off to a minimum more 
quickly than with Ostertagia. The peak of infestation with Ostertagia 
occurred a little earlier in the summer than did that of Ilaemonchus. 

The three species of Trichostrongylus were not counted separately, as 
this could not be done with accuracy at the low magnification used to 
make the counts. More animals were found infected with these parasites 
than with any other, ninety-three per cent, showing intestinal infestation 
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and 82 per cent abomasal. The lower value for the latter may be partly 
due to counting only a portion of the diluted sample of the abconasal 
contents. Some worms may also have been overlooked among the debris 
which was almost invariably present in the abomasum. 

The degree of infestation with this genus in different months showed 
a distinct difference to that of Haemonchus and Ostertagia (table 4, figure 



Fig. 23. Percentage of the total infestation with each of the above 
genera found in the different months. 


23). Maximum infestation occurred during the winter months. Smallest 

numbers were recovered in summer, at which time of year the vouneest 
animals were examined* 

Strongyloides ^pUlosus was found in most of the lambs (93%) and the 
degree of infestation was rather uniform throughout the year. The miall> 
est numbers occurred in early summer (table 4, figure 23). 

Maximum infestation with Nematodirus and Cooperia was found dur- 
ing summer and early autumn with an additional peak in mid-winter. 
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This was not so marked with Cooperia as with Nematodirus, Infection 
with Nematodirus can be acquired early in the spring. 

The number of immature worms obtained in the different months is 
indicated in tables 6 and 7. The worms were classed as immature if they 
were either partly grown adults or only larvae. 

TABLE 6 


Numbers of Nematodes in Abomasum Excluding Nematodirus and Cooperia 



No. of Animals 
Examined 

Total No. 
Nematodes 

No. of 
Immatures 

Per cent, of 
total which are 
Immature 

June 

8 

5,200 

140 

2 

July 

9 

14,200 


22 

September 

0 

25,250 


18 

October 

10 

9,660 i 


0.8 

November 

8 

25,680 1 


2 

December 

8 

18,040 


0.3 

January 

9 

15,800 

0 

0 

February 

10 

42,800 

40 

0.1 

March 

12 

24,760 

1,840 

7 

April 

9 

27,980 


7 

May 

12 

37,676 


11 

June 

13 

19,210 


18 

July 

12 

13,020 

1,560 

12 


TABLE 7 

Number of Nematodes in Small Intestine 



No. of Aninals 
Examined 

Total No. 
Nematodes 

No. of 
Immatures 

Per cent, of 
total which are 
Immature 

June 

6 

5,453 

1,312 

24 

July 

9 

10,075 

2,192 

22 

September 

9 

35,650 

4,380 

12 

October 

10 

18,471 

1,931 

10 

November 

8 

21,069 

1,353 

6 

December 

8 

16,886 

1,218 

7 

January * 

9 

22,416 

909 

5 

February 

10 

56,416 

716 

1 

March 

12 

24,162 

81 

0.3 

A|wU 

9 

9,778 

474 

5 

May 

12 

12,445 

495 

4 

June 

13 

45,812 

15,107 

34 

July 

12 

7,204 

1,147 

16 
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It is apparent from these tables that the lambs acquired little infection 
during the winter months, although some immature specimens were found 
even then and it was obsetved that many of them were Nematodirus. 
Some infection with this worm during the winter might be expected as 
experiments outlined below show that the eggs of this parasite will with- 
stand — 10°r, For the most part, however, few immatures are likely to 
be found during the winter as the temperature at this time of year is suffi- 
ciently severe to retard the development of the eggs outside the body of 
the host and may even destroy those of some species. The number of 
immatures shown for the abomasum for June, 1936, is too low, for at the 
beginning of the study some of the partly grown worms were identified 
and included with the counts of the mature ones. 

DISCUSSION 

It is seen from the foregoing that Haemonckus, Ostertagia, Tricho- 
slrongylus, Cooperia and Slrongyloides were present in the largest per- 
centage of animals and in greatest numbers. Trichostrongylus was most 
abundant in winter. Slrongyloides was found in more uniform numbers 
throughout the entire year. The other four genera were most abundant 
in summer and early autumn, but the latter two showed a peak in Feb- 
ruary also. 

The degree of infestation will depend on the presence or absence of 
infective material. This is, in turn, related to temperature and humidity. 
Infection may be influenced by the susceptibility, tolerance and resistance 
of the host and the life-history of the parasite. Experiments described 
later indicate the eggs of some species may be killed by our winter temper- 
ature while others probably survive. This may influence the rate at 
which infection may be acquired with different species in the spring. This 
differential survival will not, however, account for some of the differences 
found. These appear to depend on the life cycle of the parasite as well 
as a host resistance which possibly may develop against some species but 
not others. 

The probable effect of the life cycle of Moniezia on infestation with it 
was discussed above. The host resistance which is important in the case 
of Oesophagostomum columhianum infection has also been discussed. It 
might be expected that the healthiest lambs would be most resistant to 
the larvae of this worm and if they had been exposed to infection would 
therefore contain large numbers of nodules. If this were true, the Grade 
A lambs might be expected to show the most nodules on the gut. One 
hundred and fifty lambs were examined to test this hypothesis, but the 
results gave no evidence that such was the case. Other factors must be 
responsible for the type of resistance shown by nodule formation. 
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It is suggested that the low infestation with Ilaetnonchus contortus in 
the autumn and winter as compared to the late summer may be the result 
of a resistance which the host develops against this parasite. This view 
is supported by the results of Stoll's (1929) experimental studies in this 
species. He placed a susceptible animal on experimental plots which 
contained infective Ilaetnonchus larvae. This resulted in a definite accum- 
ulation of the parasites in the host for a time, as revealed by counts made 
on the number of eggs in the faeces. This was followed by the host 
exhibiting a self-cure, resulting in a decrease in the infestation and devel- 
opment of resistance to further infection. Further dosing with infective 
larvae did not succeed in establishing them and causing a heavier infesta- 
tion, but instead it remained quite low for the remainder of the experi- 
ment. The increase in the degree of infestation in April and May is 
believed to indicate that some of the animals lost their resistance after a 
time and began to acquire fresh infection. The increase in numbers 
observed for these two months, at which time the oldest animals were 
examined, indicates that the factor of age resistance was not responsible 
for the decrease in numbers which was observed in previous months. 

The results for Ostertagia^ Nematodirus and Cooperia^ although not 
showing such definite trends as Haemonchus^ were similar, with the pos- 
sible exception of Cooperia, Nematodirus and Cooperia showed an addi- 
tional peak of abundance in mid-winter not shown by the others. This 
rise, which occurs in winter when the climate is such as to prevent fresh 
infection, can be explained by supposing that the resistance is only tem- 
porary and that if this disappears before the onset of winter the lambs 
will acquire some fresh infestation. Perhaps it may be that the most 
heavily parasitized animals did not reach the market until February, 
having been withheld from sale until this time because of stunted growth 
due to parasites. 

Tetley (1935) found high numbers of Nematodirus in New Zealand 
from November to April, and low numbers the rest of the year. He got 
a decline in numbers in animals over six months old and scarcely any in 
individuals over nine months old. He thought an acquired immunity of 
long standing was developed against this parasite. If the present results 
are to be taken as indicating a resistance it does not appear so permanent. 
He found the largest numbers in healthy lambs. This seems surprising, 
for although little information is available on the pathogenicity of Nema- 
todirus, the writer found, by spectral analysis, that the body fluid con- 
tained oxyhaemoglobin, suggesting the parasites are blood suckers. 

The present writer agrees with Tetley’s (1935) conclusion that there 
was no such thing as age resistance for this parasite. This is shown by 
the fact that the lambs examined in February were older than those exam- 
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ined in previous months yet the February animals were the more heavily 
infested. Several writers have held that age resistance may be an impor- 
tant factor in the immunity of an animal to parasitic infection. Notably 
among these are Fulleborn el al (1928), who was quoted by Sandground 
(1929), “Eine alien experimentierenden Helminthologen bekannten 
Ersrheinung ist es, dass sich altere Versuchtiere auch per os schwerer 

infizieren lassen als jtingere Exemplare ” Sandground’s view (1929) 

seemed to be that in age resistance it is a case of the host developing cer- 
tain of its specific characters which are antagonistic to the parasite, rather 
than that the older host develops against the parasite specific antigenic 
substances which are not produced by the younger animal. This would 
seem like a reasonable view. 

A distinct difference in the seasonal distribution of Trichostrongylus 
was found as compared to those discussed above, for with it maximum 
infestation was found during the winter. In this case the trend cannot be 
due to a resistance, for if such were true one would expect to get a drop 
in the degree of infestation toward winter. If the host has no resistance 
against a parasite and infective larvae are available for ingestion, then the 
older animals which were examined in late autumn and winter would be 
expected to be harbouring larger numbers of parasites, unless the rate of 
loss of parasites from the animal was about equal to the rate of ingestion. 

The smaller infestation with Trichostrongylus, in June and July, as 
compared to Haemonchus may be due to a lower biotic potential of the 
former. The average number of formed eggs (based on counts in 26 
worms) in the gravid uterus of female Trichostrongylus vitrinus was 14 as 
compared with the hundreds found in a similar specimen of Haemonchus. 
The larger number obtained in June, 1936, as compared to the same 
month in 1936 was due to the presence of a year old animal among those 
examined in June, 1936. The biotic potential will also depend, of course, 
on other factors such as rate of egg production, rate of hatching of eggs, 
and time taken to reach the infective larval stage. 

The infestation with Trichostrongylus followed a course in the abo- 
masum similar to that in the intestine, although there was a decline in 
the number found in the intestine in April and May which was not found 
for those in the abomasum. The question arises as to whether this may 
be an indication of a developing host resistance. 

There was no indication of the development of a host resistance against 
Strongyloides papillosus, neither was there any marked accumulation of 
this parasite at any season. This suggests that the rate of ingeation must 
have been only slightly greater than the rate of loss of the paradtes from 
the host. 

Taylor (1934)* made observations on the resistance of lambs to para- 
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sitic gastritis caused by a mixed infection with trichostrongylid nema- 
todes. He concluded that lambs could acquire an ‘ 'immunity” which 
would protect them against an infected pasture which was sufficiently 
contaminated to produce death in unprotected animals, although resis- 
tant animals might harbour more parasites than were carried at the time 
of death by non-resistant animals. The "immunity” was acquired slowly. 
He found the "immunity” was more effective against Ilaetnonchus con- 
tortus and Nematodirus filicollis than against Ostertagia, Trichostrongylus 
and Cooperia, The present study gives support to his view that an "im- 
munity” develops against these parasites but would include Ostertagia 
and Cooperia also. Taylor pointed out that the "immunity” tended to 
inhibit egg production and that adversely affected the development of the 
young worms. 

An eosinophilia in a parasitized animal has been regarded by some 
workers as an indication of its resistance against the parasite. The work 
of Hadwen (1926) on ascariasis in horses showed that resistance to infec- 
tion with this parasite was related to the production of an eosinophilia. 
Since then Maass (1933) showed that a similar phenomenon was pro- 
duced in pigs infected with Trichinella spiralis. Backman and Molina 
(1933) working on the same parasite concluded that the resistance was 
due to retention of anti-bodies and local mobilization of leucocytes and cells 
of the reticulo-endothelial system in the intestinal wall of the host. 

The mixed infection found in the animals examined during the present 
study made it of little use to attempt to find any eosinophilia in the cir- 
culating blood. An eosinophilia, however, was found surrounding some 
of the nodules caused by Oesophagostomum columbianum. The resistance 
which the host develops against this parasite is apparently a local phen- 
omenon developing against the larvae following their invasion into the 
mucosa. 

Haemonchus and Bunostomum are known to obtain blood from the 
host. The finding of oxy haemoglobin in Nematodirus suggests it may too. 
The question arose whether blood cells could be demonstrated in the 
intestinal content of these worms. Further, if the host’s resistance is 
related to the the presence of an eosinophilia, might it be possible to find 
these leucocytes in the intestine of the parasite, and especially if the 
eodnophilia, were a local phenomenon? All attempts to demonsrate this 
by teased preparations, pressed preparations, and sections have so far 
been negative. 

Stumberg (1933) demonstrated, by means of an allergic test, the pro- 
teins of Haemonchus contortus in the sera of sheep and goats infected with 
this parasite. Hie local nature of resistance against parasitic infection is 
suggested by the work of Chandler (1936) on Nippostrongylus muris. 
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If the resistance of lambs to some of their parasites is of a local char- 
acter then only the cells in the immediate vicinity of the parasites will be 
concerned with it. The resistance would thus be lost as these cells are 
replaced by new ones. This will fit in then with the temporary nature of 
the resistance for some of the species, which has been postulated from 
observations on their seasonal variation in numbers. The fact that it 
appears more temporary for Nematodirus than for Haemonchus and Oster- 
tagia may mean a more rapid replacement of cells in that part of the 
intestine in which Nematodirus lives as compared to the stomach. Or it 
may mean the original resistance against the latter was weaker and in- 
volved fewer cells than in the case of the other two. 

Conditions affecting the larvae in their external environment as well 
as within the host will affect the degree of infestation with different 
species. La Page (1935) expresses such a view when he says: “It is con- 
ceivable that much of the so-called resistance of animals to experimental 
and even to natural infection with infective larvae, is little more than the 
expression of differences in the vitality and ability of these larvae to 
perform successfully the second, third and fourth ecdyses upon which the 
attainment of the adult stage depends.” This would help to explain the 
inequalities which have been observed in the numbers of the sexes of the 
different species which were obtained. It will be seen below, when the sex 
ratios are considered, that the inequal numbers were not due to one sex 
being shorter lived in the host than the other. It seemed more likely that 
the larvae of one sex were more easily killed either before or after inges- 
tion by the host. 

Diet has been considered by some workers to be an important factor 
in determining the susceptibility of animals to infection, Ross and 
Gordon (1933) studied the effects of the nutrition of sheep on their resist- 
ance to Haemonchus infection. They found if the diet was so defident in 
proteins and minerals that a marked loss of weight and condition resulted 
then the animals were more susceptible to infection. Kauzal (1934) con- 
cluded that susceptibility of sheep to Dictyocaulusfilaria infection was not 
influenced by a deficient diet nor by concurrent infection with Haemonchus 
contortus. Fraser and Robertson (1933) concluded that well-fed lambs 
were more resistant to infection with Haemonchus contortus than poorly 
fed ones. Diet is not the cause of the difference in numbers obtained in 
the present study, for it will be noticed there was a marked decrease in the 
d^ree of infestation with Haemonchus contortus in October and there was 
decrease in infestation with Nematodirus between February and March, 
yet there is no alteration in diet to account for these differences. It is to 
be expected that animals which are weak or run down because of a defi- 
cient diet may be more heavily parasitized than those on a well 
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ration. The mixed sampling; of the animals from different localities 
militates against the possibility that this was responsible for the trends 
observed. 


TABLE 9 

Sex Ratios of Various Parasites Expressed as 
Females 
Males 

The ratio was not included unless at least one thousand worms of any one genus 
were recovered during the month 


Mont'h 

Haemon- 

chus 

Ostertagia 

Tricho- 

strongylus 

in 

abomasum 

Tricho- 

strongylus 

in 

intestine 

Nemaio- 

dirus 

Cooperia 

June 


1 

mm 

■1 

1.2 

1.3 

July & Aug. 1. 

0.95 

1.2 

■H 

mSM 

1.1 

* • • * 

Aug.30 &Sept. 

1.1 

1,() 

mSm 

mSm 

0.96 

1.1 

October 

1.3 

0.9 

mm 


0.51 

1.3 

November. . . . 

.... 

1.8 

1.3 

1.1 

0.7 

1.1 

December .... 

.... 


1.3 

1.2 

0.52 

1.2 

January 

.... 


1.3 

1.2 

0.8 

1.9 

February 

j 

1 2 

1.1 


0.8S 

1.3 

March 

.... 

1.5 

1.3 


0.64 

1.3 

April 

1.0 

1.4 


1.5 

0.78 

1.2 

May 

1.1 

1,2 

1.4 

2.2 


1.4 

June 

.... 

1.3 

1.9 


0.80 

1.8 

July 

1.1 

1.1 


.... 

0.92 

1.8 

Average 

1.2 

1.3 

1.4 

1.4 

0.8 

1.4 


VIII. Geographical Distribution of Parasites m Ontario 

Efforts to trace the geographical distribution of the parasites were 
confined to that portion of southern Ontario extending from the south- 
western boundary of the province to Picton on the east and Wiarton on 
the north. 

Practically all the species found in the present study appeu- to be 
uniformly distributed throughout that portion of Ontario from which 
lambs were received. That this general distribution probably does not 
hold for wider areas is indicated by the fact that OesophagosUmum colum- 
bianum, which is common in that part of Ontario surveyed, appeam to be 
absent from the prairie provinces. Ross and Gindon (1986) state that 
0. columbianutn is rare in Canada and that 0. vmuloswn is more common. 
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The latter species was never taken during the present study, whereas the 
former, or the lesions caused by it, were found in over 40 per cent of the 
animals. 

Figures 24-29 illustrate the places at which the different species of 
parasites were found, with the exception of Dictyocaulus, Capillaria and 



Fig. 24. Geographical distribution of Haemonchus, Osiertagia, and 
T richostrongyltu. 


Ascaris. Dictyocaulus was found in a single animal from Clinton. Capil- 
laria was found in animals from Simcoc, Rodney and Ripley. Immature 
specimens of Ascaris were found in an animal from Shelburne. 

It will be seen from the figures that all the parasites found most 
commonly in the lambs examined during the present study were generally 
distribute in the southern part of the province which has been included 
in this study. Although all species were not found in lambs received 
from all localities, the random distribution throughout the entire district 
suggests these parasites are present in all parts of it. Failure to find some 
is, no doubt, related to lighter infestation with these species. Thus 
potentially infective material was present over the entire area and under 
more suitable conditions heavier infestations might be expected. The 
seasonal differences in the percentage of animals infected with the various 
species shows the necessity, in studying geographical distribution, of 
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examining animals over a period rather than at only one time of year. 
That is even more important in a study of the degree of infestation with 
different species in the various localities for the incidence of infection may 
be high but the degree of infestation low. In this study lambs were 
received at each season from widely separated points in the area. 



Fig. 2S. Geographical distribution of three ipectet of Trichostrongyius. 


IX. Sex IUtios op Parasites 

The ratio of females to male worms is indicated in tables 8 and 9. 
With the exception of Nematodims^ the females were more numerous than 
the males. The avers^es obtained for the whole year gave ratios of female 
to males of 1.2 for HaemonckuSf 1.8 for OstertugiCf 1.4 for THckosiftmgylu^^ 
1.4 for Cooperuit and 0.8 for NetncUodinis^ In spite of experimental errors 
the diffmnces are thought to be significant. The error in counting the 
worms in only a portion of a diluted sample is quite laige eqpedally if 
there are only a few worms present. Consequently the numbers obtained 
for any genus were not included in calculating the sex ratio unless at least 
one thousand specimens of the genus had been taken during the month. 
In the case of Trichos^ongylus. the males are small and some may be 
overlooked among the debris so that the error for this genus would be 
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weighted in favour of the females. This probable error does not hold for 
the other genera. The error in counting the numbers of Nematodirus 
may favour the males when a fraction of the sample only was counted, 
for the males are smaller and more likely to be pipetted up than the 
females. 



Fig. 26. Geographical distribution of NtnuUodirus, Cooperia, and 
Strongyloides, 


The preponderance of females over males in four of the genera is not 
due to the males being shorter-lived than the females. If this were the 
explanation the ratio should increase towards the spring as the lambs 
would have lost a number of their male parasites and there was little 
infection acquired during the winter (tables 6 and 7). Table 9 shows, 
however, that the ratio did not increase at this season. This suggests 
that this difference is characteristic for these parasites and is due either 
to a fundamental difference in the sex ratios or to a differential mortality 
of the larvae. 

The unequal numbers of the sexes may produce an error in the faecal 
egg count as a quantitative method for diagnosing parasitic infection. 
If the males are present in /smaller numbers than the females the latter 
may not all be inseminated. Then the quantitative diagnosis of infection 
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by counting the number of the eggs in the faeces would give too low a value, 
assuming that insemination is requisite for the production of %gs. May 
the diminution in egg production noted by several authors in cases where 
a large number of worms were present be due then to a lack of insem- 
ination of all the females? The unequal numbers of the sexes of the 



Fig. 27. Geographical distribution of species of Nematodirus and Cooptria. 


different genera is an additional error in the faecal egg count as a method 
of determiniitg the degree of parasitism in lambs, for this method swimyt 
the presence of the sexes in equal numbers. 

X. Pathogenicity of Various SpBaEs 

Some species of sheep parasites have been shown to be pathogenic. 
Serious and even fatal effects have been attributed to Trichostrongylus 
(Ross and Gordon, 1936). The damaging effects of Haemonchus contortus 
are also well known. Martin and Ross (1934), assuming that the phos- 
iffiorus in the eggs was derived from the blood of the host, determined the 
amount of blood being consumed by the worms. They concluded rhgt 
an infestation of four thousand worms, 60 per cent of which were females, 
would account for a blood loss of 60 cc. daily. Robertson (1933) did not 
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find clinical symptoms unless there were at least eight thousand Ostertagia 
drcutncincta present, but if there were 15,000-20,000 they were liable to 
cause death. An inflammatory condition of the mucous membrane of the 
abomasum was noted during the present study if there were more than 
4,000 worms present in it. The mixed infections invariably found in 



Fig. 28. Geographical distribution of Triehuris, Chabertia, and Muellerius. 

such cases made it impossible to say which of the parasites, Haemonchus, 
Ostertagia or Trichostrongylus were responsible. Little is known of the 
pathogenicity of Nematodirus^ Cooperia and Monteeia. 

Kauzal (1936) gave evidence to show that immature Chabertia ovina 
ingest blood. Daily infestation did not produce symptoms proportional 
to the rate of infestation. Wetzel has shown that the adults fe^ on the 
mucosa. 

It was suspected that the pathogenicity of different species might be 
related to the presence or absence of a toxic factor in the parasites. 
Experiments were carried out, therefore, to determine whether such a 
su^tanoe might be present. The power to haemolyze red blood cells was 
taken as the test of toxidty. Saline extracts of the following worms were 
used: Haemonchus, Ostertagia and Trichostrongylus (combined), Nema- 
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todirus, Trichuris, and Moniezia. The worms were dried in a vacuum 
oven and stored over phosphorus pentoxide. They were then ground in 
a mortar, following which a 5 per cent saline suspension of each was made. 
This suspension was added in 0.1, 0.2, 0.3, 0.4, 0.6 and 0.6 cc. quantities 
to 0.5 cc. of a 1 per cent, suspenaon of sheep red blood cells, after 



Fig. 29. Geographical distribution of Bunottoimm, Otiophagottorntm, 
and Monicaia. 


Schwartz’s metliod (1921). The history of the sheep from which the cells 
were used was not known. The tubes were shaimn and placed at 37“C. 
for 16 hours. Slight haemolysis occurred in the tube containing 0.6 cc. 
of the extract of the worms from the abomasum, and in the tubes con- 
taining 0.4, 0.6 and 0.6 cc. of Trichuris suspension. No haemolysis occur- 
red in any of the other tubes. The results indicate the presence of slight 
amounts of toxin for Haemonchus, Ostertagia and Trichostrongylus (com- 
bined) and for Trichuris. 

XI. Effect of Low Temperature on the Eggs of Some SpBass 

It was relatively late in the spring before the animals acquired much 
infection (tables 6 and 7). The question arose as to whether the eggs and 
larvae of some species were killed at low temperatures such as occur in 
winter. 
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An experiment to find the effect of — 10®C. on the eggs was carried out. 
This is 1®C. lower than the mean air temperature recorded at Lindsay. 
It is realized that the air temperature will differ from the soil temperature. 
The latter will be variable, depending on the amount of vegetation on the 
field, amount of snow covering it, and so on. 



Fig 30. Diagram of apparatus used to maintain nematode eggs at 
a low temperature. 

The eggs were dissected out of the uterus of living worms. A number 
of eggs not far enough developed to continue segmentation outside the 
body of the worm was always obtained by this method. For this reason 
a control was always kept at room temperature, using eggs from the same 
batch as those being kept at ~10°C. The results were not considered 
valid unless some of the control eggs hatched. 

The low tempierature was maintained by means of the following 
apparatus, a diagram of which is shown in figure 30. 

It consisted of a five-gallon stone crock A set into an insulated box B, 
The crock was partly filled with ethylene glycol. A home-made thermos 
bottle D of one quart size was supported in the ethylene glycol solution. 
A solution of about 30% alochol was put in the thermos bottle. The 
bimetallic helix JS of a De Khotinsky thermo-regulator F dipped into the 
alcohol. A heating unit G was also immersed in the alcohol. The heating 
unit and regulator were connected to a 110-volt power line. Two 200- 
watt bulbs were placed in parallel in the circuit. ‘^Dry ice’* was added 
periodically to the glycol in A. This kept the temperature of the glycol 
below — 10®C. which in turn cooled the alcohol in D to this temperature. 
The thermo-regulator was adjusted so that if the temperature of the 
alcohol dropped half a degree below — 10®C. the circuit was completed 
and the heater G restored the temperature to — 10®C. when the circuit 
was automatically broken again. The alcohol solution was stirred by 
bubbling in air through a tube H. The apparatus maintained a fairly 
constant temperature if the ice was added regularly and the alcohol was 
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kept well mixed. There were times, however, when the temperature did 
get as high as — 7°C. although it never went lower than — 11®C. The 
worm eggs were placed in about 1 cc. of water in test tubes which were 
stoppered and set into the alcohol in D. The control eggs were kept in 
water in covered embryological watch glasses. 

The results of the experiment are given in table 10. The eggs of 
Nematodirus filicollis were not killed by one week's exposure to — 10®C, 
and those of Nematodirus spathiger were not killed by two weeks at this 
temperature. The eggs of Trichostrongylus vitrinus were not killed by 
three days’ exposure but none hatched after 12 days at — 10®C. Ostertagia 
circumcincta eggs were not killed after 2 days in one experiment but in 
two other experiments there was no hatching after 1 day. In the cases of 
Haemonckus contortus and Trichostrongylus extenuatus no eggs hatched 
following 3 days at — 10“C. The hatching results for Cooperia curticei 
and Bunostomum trigonocephalum were negative following 1 day exposure, 
and for Cooperia oncophora and Chabertia ovina following 3 days’ exposure. 

DISCUSSION OF THE EFFECT OF LOW TBMPESATUKE ON THE EGGS 

The results of the low temperature experiment indicate that infection 
with Nematodirus can appear in the spring sooner than that with some of 
the other parasites as the eggs of N. spathiger were not killed following 
two weeks' exposure to — 10'’C. Table 11 and figure 23 show the per- 
centage of the total numbers of Haemonchus, Ostertagia, Trichostrongylus, 
Strongyloides, Nematodirus and Cooperia, obtained in each month, which 


TABLE 10 

Effect of Truferatdee of — 10*C. on HATCHABmiTY of Eggs of Soue 

Nematodes 


Kind of Parasite 

No. of Days eggs 
exposed to — 10®C. 

Hatching 

Results 

Hatching of 
Controls 

Haemonckus contortus 

3, 4, 5, 6 

1 

4 

Ostertagia circumcincta 

2 

+ 

4 


1.4.7 


4 


1. 4, 7 

— 

4 

Trichostrongylus extenuatus ,, . . 

8 


4 

T richostrongylus vitrinus 

3 

4- 

4 


12 

— 

4 

Hematodirus filicollis 

4,7 

•4 

4 

Nematodirus spathiger 

14 

4 

4 

Cooperia curticei 

1, 13 


4 

Cooperia oncophora i 

8, 5, 5, 7 


4 

Bunostomum trigonocephalum, , 

1 

IM. 

4 

Chabertia ovina 

3, 14 

- 

4 
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TABLE 11 

This Gives the Pbbcentagb of Each of These Parasites Making up the 
Total Obtained in Different Months 


Month 

■ 

Osler^ 

tagia 

Tricho^ 
strongylus 
in 1 

abomasum 

Tricho* 
strongylus 
in , 

intestine 

Strongy- 

Icides 

Nemato- 

dirus 

Cooperia 

June 

2,6 

30.3 

21.8 i 

14.5 

2.9 

19.1 

8.9 

July 8l Aug. 1. 

18.7 

36.3 

0.6 

4.7 

8.6 

26.9 

3.9 

Aug.30 8c Sept. 

20.1 

12.9 

3.6 

9.4 

5.6 

27.2 

16.2 

October 

10.9 

8.2 

17.7 

22.4 

8.6 

16.4 

16.8 

November 

1.5 

5.0 

43.6 

22.2 

6.6 1 

5.7 

10.4 

December .... 

0.2 

0.4 

63.9 

24.7 

7.1 

3.2 

10.4 

January 

0.5 

0.8 

39.7 

38.5 

6.2 

11.4 

3.0 

February 

+ 

4.7 

38.8 

24.8 

3.6 


14.2 

March 

0.9 

0.2 

38.5 

22.6 

6.7 

4.8 

17.5 

April 

5.3 

15.4 

53.4 

8.6 

6.7 

5.1 

5.6 

May 

6.3 

19.3 

49.3 

10.3 

3.5 

2.1 

10.5 

June 

0.4 

31.6 

3.9 

0.8 

6.6 

39.9 

18.0 

July 

16.2 

47.7 

1 8 

1.2 

6.1 

21.5 

6.6 


belonged to these different genera. It will be noticed that in June a large 
piercentage of the total was made up of Nemalodirus, and Ostertagia. If 
the eggs of these parasites are not killed by our winter temperatures, and 
the results of the temperature experiment indicate that those of the 
former genera at least may not be, then the young animals could acquire 
infection with it early in spring. The conflicting results obtained for 
Ostertagia suggest that the eggs of this species may not be killed by our 
winter temperatures either. The finding of these parasites by Hadwen 
and Palmer ( 1922 ) in the reindeer in Alaska is further evidence that they 
will tolerate low temperatures. If the eggs and larvae of the different 
species have not wintered over on the ground then the rate at which the 
lambs can be infested in the spring, and the degree of infestation in them 
will depend on the number of animals put on the same pasture, the 
amount of infestation on these and the rate of egg production of the 
worms. If the eggs of Trichostrongylus and Haemonchus are killed during 
the winter it would be expected that infestation with the latter might be 
more rapid than with the former because of the much larger number of 
eggs contained in each adult female Haemonchus as compared to Tricho- 
strongylus. 
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XI 1.^ Summary 

One hundred and forty-four lambs received from 24 counties in 
Ontario lying between the southern boundary, Picton on the east and 
Wiarton on the north, were examined for helminth parasites between 
April, 1936, and July, 1936. 

Nineteen species of worms belonging to fifteen genera were found in 
these lambs. Eighteen of these species were nematodes and the other a 
cestode. 

The incidence of infection was highest with Haetnonchus, Osiertagiat 
Trichostrongylusy Strongyloides, Nematodirus, and Cooperia as was also 
the degree of infestation. 

The number of parasites harboured by individual lambs varied from 
fifty to 22,788, with an average of 4,296, based on the results from 144 
animals. 

These different kinds of parasites were found in different situations in 
the host. 

Trichostrongylus (the specimens in the intestine), Strongyloides, Nenta- 
todirus and Cooperia were found in the proximal 50 feet of small intestine, 
the maximum number for each occurring at different distances from the 
pylorus. The maximum numbers for Trichostrongylus occurred in the 
first two feet of the intestine, that for Strongyloides four to six feet from 
the pylorus, that for Nematodirus four to eight feet, and for Cooperia 
eight to twelve feet from the pylorus. 

Bunostomum was found twenty to forty feet from the pylorus. 

Moniezia occurred in greatest numbers forty feet or more posterior to 
the pylorus. 

Nodules caused by Oesophagostomum columbianum were present in the 
wall of the small intestine throughout its length and in the caecum. 

It is suggested the distribution of some of these parasites in the host 
may indicate their degree of adaptation to a parasitic life and the relative 
length of time they have been parasites. The food requirements no doubt 
have an important relation to the location occupied by the parasite. 

There was a higher incidence of infection with O. columbianum among 
the older than among the younger animals. This was related to the 
longer exposure to infection of the older lambs. 

The absence of Moniezia infection in February and March is thought 
to be related to its life cycle. 

The different parasites showed a marked seasonal variation in 
numbers. 

Infestation with Haemonchus and Ostertagia was heaviest in summer 
and lightest during late autumn and winter. Nematodirus and Cooperia 
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were also found in larger numbers in summer than in late autumn 
and winter, except for an increase in February. 

Strongyloides was found in more uniform numbers throughout the 
entire year, although fewest were found in the young lambs examined in 
summer. 

Maximum infestation with Trichostrongylus was found in the animals 
examined in winter. 

It is thought the host may develop a temporary resistance against 
some species which would account for this variation in numbers. It 
would appear that it may be more temporary for Nematodirus and 
Cooperia than for Uaemonchus and Ostertagia and that it is lacking or 
develops very slowly against Strongyloides and Trichostrongylus. 

The differential effect of low temperatures on the eggs of some species 
may explain why infestation in young animals appears earlier in the spring 
for some species than for others. 

Infection with Nematodirus may appear earlier in the summer than 
that with Haemonchus, as the eggs of the latter were killed by a three-day 
Exposure to — 10®C., but the eggs of N. spathiger were not killed in two 
weeks at this temperature. 

Eggs of r. vitrinus, C. curticei, C. oncophora, B. trigonocephalum and 
C. ovina were killed by a three day exposure to — 10®C. 

The average ratio of females to males was greater than unity in the 
case of H. contortus, 0. circumcincta^ Trichostrongylus and Cooperia, but 
less than unity in the case of Nematodirus. 

All species, with the exception of Dictyocaulus, Capillaria and Ascaris 
had a wide distribution in the area studied, although they were not taken 
in every locality from which iambs were received. 
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NOTES ON SPECIMENS OF AMERICAN PLECOPTERA 
IN EUROPEAN COLLECTIONS 


William E. Ricker, 

Pacific Biological Station, Nanaimo, B,C. 

The studies upon wliicli these notes arc based were made in late 
1935 and early 1930, in the course of a visit to various European capitals. 
The collections of the following museums were examined: 

Austria: Natiirhistorisches Museum, Burgring 7, Vienna. 

Belgium: Musd'o Royal d’Histoire Naturelle (including the col- 

lection of Baron E. de St*lys Longchampb), Brussels. 
Czechoslovakia: National Museum, Prague. 

England: British Museum (Natural History), South Kensington, 

London. 

University Museum, Oxford. 

France: Mus^'um National d’Histoire Naturelle, 45 Rue de 

Buffon, Paris. 

Germany: Zoologisches Museum der Universitilt, Invalidenstrasse 

43, Berlin. 

Switzerland: Mus^e d’Histoire Naturelle, Geneva. 

Mus^e de Neuch&tel, NeuchStel. 

Curators and assistants at the various museums were most obliging 
in placing at the writer’s disposal not only their collections, but apparatus 
needful for the examination of the specimens. In addition, Mr. D. E. 
Kimmins of the British Museum spent a great deal of time in relaxing 
and mounting abdomens and wings, in order that accurate figures might 
be made of them ; and he has since supplied additional helpful observa- 
tions, particularly in resolving the confusion arising from the varied 
usages of the name Chloroperla. 

The late Dr, P. W. Claassen of Cornell University had previously 
examined some of the British Museum types, and very kindly lent the 
writer his notes. In general his observations are confirnied by our 
own; in several cases they are cited specifically in the text to follow. 
Dr. Claassen had also read and criticized the manuscript of this paper, 
as has Dr. T. H, Prison, Chief of the Illinois Natural History Survey. 
To all who have assisted in any way in the preparation of the work the 
writer wishes to acknowledge his indebtedness. 

The systematic arrangement followed is in the main that of Prison 
(1936), with the change of generic names noted in the text; but for 
convenience we follow Needham and Claassen (1925) in assigning sub- 
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generic rank to the species groups of Taeniopteryx (sensu lato). Speci- 
mens are listed under tlie genus to \^hich we believe they belong, and the 
describer’s original generic designation is given in brackets after the 
citation of his work, when it was different from that used here. 

Failing a series of specimens for examination along viith the various 
types, the Monograph of American Plccoptera by Needham and Claassen 
(1925) has provided the principal basis for the various comparisons made. 
The numerous references thereto are usually cited simply as “N. & C.’*. 

1. Pteronarcys biloba Newman (1838: 176). In the case of this 
species, as with most Pteronarcys, little need be said after the review of 
Klap&lek (1907), with its excellent illustrations, and the additional 
synonymy of Smith (1917). Newman’s type 9 is in the British 
Museum, labelled ‘Trenton Falls, N.Y.’’, and a male considered cotypic 
by Klapt^ilek, taken by E. Doubleday, is probably from the same locality 
as the type. Both agree with the description of biloba by N. C., 
p. 40. 

2. Pteronarcys calif ornica Newport (1848: 388, 1851; 450). The c? 
type is in the British Museum, and is as described in N. & C., p. 37. 

3. Pteronarcys frigida GerstSeker (1873: 65). The cf* type is in the 
Zoological Museum of the University of Berlin, from “Labrador”. Al- 
though synonymized with dorsata Say by Smith (1917), it proves to be the 
same as the mc^re recently described shelf ordiFrison (1934 :26), as evidenced 
by its straight rather than doraally directed tips of the 10th tergite. It 
differs from nobilis Hagen in the straight instead of downcurved tips of 
the 9th sternitc, and in its larger size (expanse 79 mm.). The locality 
given suggests a northern distribution for the species; Prison’s specimens 
were also from the north: Fort Churchill on Hudson’s Bay. For 
excellent descriptions and figures of both sexes, see Prison’s paper. 

4. Pteronarcys fumipennis Kiap&lek (1907: 17). The 9 type, from 
Washington Territory, is in the Vienna Museum; it has been rightly 
synonymized with the earlier princeps Banks (Smith, 1917). 

5. Pteronarcys insignis (Pictet) (1842: 123- Kollaria). The type 9 , 
without locality label, is in Vienna Museum. It has been correctly 
synonymized with regalis Newman by Klap&lek (1907), hence with 
dorsata Say by Smith (1917). 

6. Pteronarcys labradorensis S4mal (l633: 95). The type 9 is in the 
National Museum at Prague, from Matamek, Quebec Labrador. It is 
very close to P. dorsata (Say), and probably identical with it. The folds 
on the 8th abdominal sternite used by the describer to distinguish it 
appear to be incidental to drying. 
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7. Pteronarcys picteii Hagen (1873: 281). This name was propas(*d 
for a cT specimen from Binghampton, N.Y., described by Pictet (1842: 
128) as proiaeus Newman, and now in the Zoological Museum at Berlin. 
It proves to be synonymous with dorsata Say, rather than with nobilis 
Hagen, as suggested by Smith (1917). 

8. Pteronarcys proteus Newman (1838: 177). From Kla[)Alek\s 
careful drawings of the c? and 9 types in the British Museum, Smith 
(1917) was able to point out that the association of sexes by Newman is 
not the same as that of later workers. She selected the cf as lertotype, 
and the 9 now has the name comstocki Smith. Considering the scarcity 
of comstocki in later collections, it is remarkable that this confusion 
should have arisen. Since c? comstocki is not known, the possibility of 
the 9 proteus being dimorphic must be considered. 

9. Taeniopteryx {Taeniopteryx) maura Pictet (1842:361). Pictet’s 
type was a 9 from Pennsylvania, in the Berlin Museum; he had also a 
c? which he hesitated to associate with the type. Only fragments of 
these two specimens: wings, part of head and antennae, and a bit of 
thorax, remain at Berlin to-day. These afford no reason to question 
the current use of the name. Hagen (1861: 36) rightly points out that 
r. maura of Walker (1852: 179) is really T. ^lacialis (Newport); the 
specimens so included are in fact Newport’s typi' series. 

10. Taeniopteryx ^lacialis (Newport) (1848: 389, 1851: 451 — 
Nemoura^ subgenus Brachyptera), Of the six original coty|H*s, 2 cf’c?' 
and 3 9 9 are in the British Museum, and one cT has been sent to the 
Museum of Comparative Zoology, Harvard University. The type 
locality is Si. Martin’s Falls, Albany River, Hudson Bay, Ontario. 
Examination of the types shows that it is distinct from other known 
species. We designate as lectotype and Iccto-allotype resp)ectively the 
(f and 9 British Museum specimens from which the following dcvscription 
and figures 1-7 were made. 

Length to tip of hind wings, cf, 9 mm.; to tip of fore-wings, 9, 
14.5 mm.; expanse, 9 , 28 mm. General colour blackish brown, the legs 
somewhat lighter. Yellow markings as follows: mandibles and ridge 
behind labrum of cf ; middle of mesosternum, inner margins of femora 
and (less distinctly) of tibiae, spot on the supragenital plate of 9 , outer 
half of subgenital plate of c?. 

Hind portion of head rugulose forward to the margins of the eyes, 
and to the border of a depressed area included in the ocellar triangle. 
Ocelli small, the interocellar distance about 3.0 times that between eye 
and ocellus. Lateral tubercles large, flat, rounded. Prothorax rugulose, 
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wider behind, its anterior width about equal to its length. Wings of 9 
(fig. 1) of normal size; length of Sc. 0.57 of total length of fore wing; no 
costal cn)ssvcin8 other than the humeral; Cui giving off a long bowed 
undivided anterior branch, and a straight posterior one which is bifurcate 
near the tip. Fore wing of c? only 3 mm. long, narrow and with greatly 
reduced venation; hind wing 8 mm., also narrow and with reduced 
venation, its anal region almost lacking. 

Male: Subgenital plate (figs. 2, 3) produced far beyond the 10th 
segment and genitalia, total length 2.5 times its greatest width; its rim 
upturned, ladle-like. The extended part is bent back on itself, inside, 
and is very hairy. No lobe at base of the plate. Supra-anal body 
divided into two erect processes (figs. 4-6); the anterior more slender, 
T-shaped, the cross piece at its tip having a median hump; the posterior 
heavier, also T-shaped, but with a depression in the middle of the cross 
piece. Subanal lobes consist of an elongate bluntly-rounded chitinous 
process above; below they have a chitinized side portion and are pro- 
duced posteriorly into involved asymmetrical and mostly membranous 
projections. Cerci five-jointed, with a roof-like process of the 10th 
segment covering part of the basal one. 

Female: Supragenital plate (fig. 7) produced backward beyond the 
tip of the 10th abdominal segment, to the 4th or 5th segment of the 9- 
segmented cerci. Eighth stemite with a narrow excavate subgenital 
plate set in front of its posterior border. Seventh stemite also slightly 
modified by having the central third of the posterior margin demarcated 
by non-chitinized notches. 

Frison (1929-373) has shown that Newport’s name lirarkypUra 
should be applied to a group of European species whose genotype is 
irifasciata Pictet, and which have erroneously been included in the 
Taeniopleryx sensu stricto of recent European authors. Because of the 
larger number of segments in the cerci, lack of a lobe at the anterior 
margin of the o' 9th stemite, and less copious branching of Cuj, the 
present species cannot be included in subgenus Brachyptera, where 
Newport had it placed. It differs also from Strophopteryx Frison and 
from Taeniopleryx s.s. {’^‘Nephelopieryx Klap&lek). The writer is 
however insufficiently familiar with other divisions of the genus to make a 
definite assignation at the present time. 

11. Taeniopleryx (Slrophopieryx) fasciola (Burmeister) (1839:875—- 
Semblii,). There is a 9 specimen in Berlin labelled "Philadelphia, 
Zimmerman", which is probably to be regarded as a cotype. In Pictet’s 
collection at Geneva is another 9, from “Pennsylvanie”. Both are 
fasciata of recent authors. 
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12. Nemoura (Paranemoura) perjecta Walker (1852: 191). Tlie c? 
type, frrnn Nova Scotia, in the British Museum, proves to Ini identical 
with the later described puncHpennis Claassen (1923: 291). 

It should be noticed that the subgenus Paranemoura N. & C. (p. 2S8) 
of which perfecla Walker becomes the type, is a more distinct branch of 
Nemoura ( 5 . /.), as regards adult characters at least, than various groups 
currently recognized as genera in Europe. Its principal peculiarities 
are: eyes exceptionally large, and hind portion of head narrow; wings 
broad, the apical costal crossvein in both wings abstmt, but a costal 
crossvein is present shortly before the tip of Sr.; the 9th alidominal 
sternite of the cf lacking a ventral lobe. 

13. Nemoura {s,L) albidipennis Walker (1852: 191). Th(> lyp(* 9, 
from Nova Scotia, is in the British Museum. We are unable to associaU' 
it definitely with any other descrilieil species. 

Length to tip of wdngs 7.5 mm. C'oloitr uniformly brown, except 
the yellow coxae, trochanters, proximal third of the femora, and tarsi. 
Head width (excluding eyes) 1.2 times that of prothorax. Head now 
collapsed and sunken, so that details are not visible. Prothorax si)arsely 
rugulose above; its posterior width 1.2 times its length, its anterior 
width 1.3; a very broad flange on the anterior margin, set off by a shallow 
groove. Wings uniform brownish hyaline, veins brown ; venation typical 
of Nemoura. 

Female: 7th adbominal sternite slightly produced and rounded; the 
posterior margin of the 8th produced over 34 of the 9th (fig. 8 ), its 
margin sinuate, the median notch shallow and rounded, the lateral lobes 
smooth and bluntly rounded. 

14. Nemoura (s.l.) complete Walker (1852: 191). The type cf from 
Nova Scotia, in the British Museum, proves to be identical with N. 
glabra Claassen (1923: 281), whose type locality is also in Nova Scotia. 
A genitalial mount showed the characteristic specific features. 

15. Leuctra ferruginea (Walker) (1852: 183 — Nemoura^ sg. Leucira). 
The 3 9 cotypes, from Nova Scotia, are in the British Museum. One 
of these is here designated lectotype, and used as basis of the description 
and figure below. We are unable to associated it definitely with any 
other known species. 

Length to tip of wings 8.5 mm. Colour brown; the legs lighter and 
with a yellowish tint, but darker along their outer margins and at the 
tips of femora and tibiae. Head (excl. eyes) as wide as the prolhorax; 
the frontal ridge bow-shaped, crenate posteriorly, and dark; occiput 
finely rugulose and with a shallow median depression. Ocelli distant 
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from eyes by 0.5 of interocellar distance. Prothorax rugose, except for a 
broad lateral border and a median strifKj, these comprising 0.15^ and 0.1 
of the total width respectively; the angles rounded and the margins 
somewhat bowed. Wings uniform brownish hyaline, without markings. 

Female: Subgenital plate (fig. 9) notched, the inner sides of the 
lobes bordering the notch slightly excavate, the ends of the lobes very 
broadly rounded, almost truncate. 

16. Leuctra tenuis (Pictet) (1842: 375 — Nemoura, sg. Leuctra). The 
cf* ty|>e, from Philadelphia, is still in the Berlin Museum, but rather 
damaged: head and prothorax, one hind wing, and part of the abdomen 
remain. Enough of the genitalia are visible to show that it is either 
truncata Claass<>n or tenuis Pictet of N. & C. (p. 232). It is desirable to 
accept the latter determination. 

The specimens included by Walker (1852: 182) in N, tenuis are still 
in the British Museum, and consist of the following assortment: (1) 5 
specimens of C. vernalis, including Newport's 3 cotypes, (2) 1 c? 1 9 
Taeniopteryx nivalis Fitch^ from Salem, N.Y., and (3) Icf 19 Allocapnia 
pygmaea Burm., also from Salem, bearing the label Nemoura nivoriandus 
Fitch (a manuscript name). Lots (2) and (3) were presented by Fitch 
himself. Hagen (1861:33) had seen a pair from lot (1), and pointed 
out their true identity. The New York specimens he had apparently 
not studied. 

17. Capnia apis (Newman) (1839: 8Q—Perla, sg. Chloroperla). The 
(f and 9 cotypes are in the University Museum, Oxford. Both are 
labelled “Newfoundland” and have an additional locality label not easily 
recognizable, possibly “Weston” or “Chuston”. 

length to tip of wings: c? 3.0, 9 7.5; to tip of body: 4.5, 9 6.0; 
length of fore wing: cf 2.0, 9 6.0 mm. Colour mostly black; antennae, 
cerci and legs dark brown; wings lightly infuscated, veins brown. 

Head (excluding eyes) about 0.8 of width of prothorax; eye-ocellar 
distance 3.5 times the interocellar. Prothoracic width about 1.5 of 
length; surface very lightly rugulose on either side, median depression 
weak or absent, marginal groove distinct before and behind, not evident 
at the sides. Fore wing venation of 9 resembling the N. & C. figure 
(p. 385) of C. vernalis, but differing in having the humeral and two 
other C-Sc crossveins; the tip of Sc meets Ri anterior to the R 1 -R 2 
crossvein by almost the latter’s length. Hind wing of 9 also resembles 
the figure, but has three C-Sc crossveins in addition to the humeral; the 
intercubital crossvein is slightly proximad of the Cui-Mi, the latter in 
line with the M-Rs. Wings of male abbreviated, reaching to the middle 
of the 5th abdominal segment. Abdomen elongate. 
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Male: The four terminal abdominal segments have lieen relaxed. 
These are fully chitinized dorsally, except a median area of the 9th (not 
including its anterior margin) and the cleft tenth. Tergites 7, 8 and 
to a lesser extent 9 with rather fine densely appressed hairs pointing 
inward and backward. Ninth sternite with a rounded posterior ex- 
tension, whose edge is heavily chitinized, bearing at its tip a small 
bulbous process, the latter lacking any i)oinled prolongations. Subanal 
lobes short, blunt and without extra chitin, marked off from the rest 
of the segment by a deep notch. Supra-anal process now distorted, but 
apparently grooved dorsally, rather bluntly pointed, reaching almost to 
the anterior margin of segment 9. 

Female: Abdomen with a broad median nun-chitinized area ex- 
tending from segment 2 back to include the anterior third of 9. In the 
chitinized area on either side of these segments is a rather large si)ot of 
irregular outline, slightly darker and lacking hairs. Eighth sternite 
with the posterior margin slightly convex, at its middle a narrow squarish 
unchitinized area resembling a notch. Sternite 9 unchitinized anteriorly 
for a third of its width, with a median point extending even farther back- 
ward; sternite 8 with a similar smaller weakly chitinized anterior area. 
Except as noted, abdomen villose, the hairs longer on the sides and 
toward the tip, longest on the 10th segment and subanal lobes. The 
median non-chitinized area above bears very fine hairs. Cerci long (at 
least 24 segments), hairy, more finely so toward the tip. 

C. opis has not been recognized since originally descrilx»d. The 
description and figures of C, vernalis of N. & C. (nec Newport) agree 
very well with the above. The originals have recently lieen compared 
with Newman’s types by Dr. P. W. Claassen, who reports that they are 
identical. The writer has seen specimens of opis from Ontario Co., 
Ont., in the Royal Ontario Museum of Zoology. 

18. Capnia vernalis (Newport) (1848: 388, 1861: 451 — Perla^ sg. 
Capnia). The types, in the British Museum, consist of a male and a 
female here designated lectotype and lecto-allotype, and also an ab- 
domenless specimen bearing Barnston’s manuscript label *'Perla vernalis \ 
all from St. Martin’s Falls, Albany River, Hudson Bay, Ont. They 
were included by Walker (1852: 182) under Nemoura tenuis Pictet. 

The size, general appearance, colour etc. of the two types is simihir 
to C. opis (Newman); unfortunately a detailed description was not 
obtained. The genitalial characters of both sexes are however quite 
distinct. ^ 

Male: Ninth sternite produced into a plate posteriorly, this bluntly 
pointed, and bearing at its tip an elongate pear-shaped acute process 
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lyin({ l)ctween the subanal loin's, this process with a second acute anterior 
projection dorsal to the sternite (fig. 10). Subanal lobes subacute, 
heavily chitini/ed on the inner margin, marked off from the sternite by a 
deep notch. Supra-anal process lx*nt forward as far as the posterior 
margin of the eighth tergite, its distal third narrower in side view and 
hollowed out above, the tip sharply pointed (fig. 11). 

Female : Eighth sternite (fig. 12), with a strongly chitinized posterior 
lip occupying a third of the width of the sternite, and set somewhat 
anterior to its hind margin. Dorsal to the lip is the chitinized roof of 
the genital aperture, indistinctly 4-lol')ed in front. The ventral lip and 
chitinized loof form the opening of a canal which may be distinctly 
traced back to the 7th segment’s margin. 

Tw'o nwne of Walker’s (1852) specimens called Nemoura tenuis Pictet 
prove to be of this species; they were taken at York Factory, Manitoba. 
The supra-anal process of the male is noticeably longer than in the type, 
extending to the midfile of the 8th tergite. 

19. Allocapnia minima (Newport) 1848:388, 1851:453 — Perla). 
The cotypes consist of Id’, 19 and 3 nymphs, in the British Museum, 
all from St. Martin's Falls, Albany River. Examination of the cleared 
genitalia of both sexes shows the species to be identical with A. incisura 
Claassen (1924:45), known from New York, Maine and Nova Scotia 
(N. & C. p. 276). 

20. Allocapnia necydaloides (Pictet) (1842: 326 — Perla sg. Capnia). 
The type of Pictet is in the Vienna Museum, a 9 lacking abdomen, and 
hence indeterminable as to species. Hagen has identified 9 specimens 
of Allocapnia in several museums as necydaloides, but it is impossible 
that he could have distinguished the various species as now known. It 
seems best therefore that the name be allowed to lapse as no longer 
recognizable; it may even be synonymous with the earlier pygmaea 
Burmeister. 

21. Allocapnia pygmaea (Burmeister) (18'39: 874 — SembUs). Need- 
ham and Claassen (p. 278) have already examined two ootypes of this 
species, and selected one as lectotype; the second they refer to A. reda 
Claassen, There as additional members of Burmeister’s series in the 
University Zoological Museum of Berlin, including 2 A. recta, one tf 
A. granulata Claassen, and a 9 lacking abdomen; all from Pennsylvania 
(Zimmerman). 

22. Atoperla ephyre (Newman) (1839: 87 — Perla, sg. Chloroperla) 
The type 9 from Georgia, in the British Museum, has been accurately 
identified by later authors. 
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23» Perlimlla drymo (Newman) (J839: S6 — Perla, sg. Isogenus), 
The cotypes, two 9 9 from Georgia, in the British Museum, have l>een 
accurately identified. 

24. Neoperla clymene (Newman) (1839: 87 — Perla, sg. Ckloropcrln), 
The type 9 from Georgia, in the British Museum, has been correctly 
recognized. 

25. Neoperla occipitalis (Pictet) (1842: 2»54 — Perla, s. s,), Pictet 
mentions specimens in Berlin and Vienna. We were al>le to find only 
the former, a 9 from Philadelphia. It has l)ecii rightly synonymized 
with clymene Newman as described by N. & C'. (p. 134). 

Hagen (1861: 25) recorded a specimen of the South American 
dilaticollis Burmeister (belonging to Neoperla or a related genus) in the 
Vienna Museum, as being from *'North America’*. We were unable to 
locate such a specimen. 

26. Perlesla costalis Klapdiek (1921: 150). A spccinieii in the 
Prague Must^um, labelled '‘Heyne, Texas; coll. v. d. Weele, leg. 1907; 
Cotypus” can be included in placida Hagen as described by N. & C. 
(p. 158), as they have already indicated. 

27. Perlesia vire,inicn var. immaculata Klap.ilck (1921: 150). There 
is a series in the Coll. Selys and m Prague, detcM mined by KlapAlek, but 
types have not been designated. To be includcnl in placida Hagen as 
described by N. & C., as they have already indicated (p. 158). 

28. Acroneuria abnormis (Newman) (1838: 177 — Perla), The type 
9 in the British Museum is from Trenton Falls, N.Y. The description 
of N. & C. (p, 178) is applicable to it in every way. Dr. Claassen 
observed in the dry sjiecimen a small median notch in the subgenital 
plate, but on relaxing it Mr. Kimmins finds that it is the result of the 
action of some insect pest. Otherwise the plate is entire, and scarcely 
produced. 

29. Acroneuria arenosa (Pictet) (1842: 178 — Perla, sg. Acroneuria), 
Pictet mentions si)ecimens in Berlin, Paris and NeuchStel Museums, of 
which the last two have b<*come lost. The Berlin type is however still 
extant, and in the many-branched 2nd anal vein of the hind wing, the 
subgenital plate and colour, it agrees with the description of N. & C. 
(p. 180). Pictet knew only the 9 , but with the foregoing there is a cT ; 
both are from '‘Pennsylvania, Zimmermann”. 

30. Acroneuria arida (Hagen) (1861: 18— P«r/a). The species 
immarginata Say was included by Klap&lek (1909) in Acroneuria. The 
specimens so identified are in Prague, 3 cf c? and 19. All appear to 
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be arida Hagen. Klap^lek’s drawing of the 9 subgenital plate exag- 
gerates somewhat a hump formed in drying. 

31. Acroveuria hrevicauda Klapdlek (1909a: 234). Synonymized 
with xanthenes Newman by N. & C. (p. 194). The type, in the Prague 
Museum, resembles a small cT A. arida Hagen, but would require further 
study for final identification. A paratype (“Cotypus”) is a o' .4. 
xanthenes. Both are labelled “North Carolina, Morrison”. 

32. Acroneuria clara Klap^lek (1917 : 45). This name was erected 
by Klapdlek for a 9 specimen described and figured by him in 1909 (a) 
as arenosa Pictet, which came from Washington, D.C. It is in most 
respects indistinguishable from A. abnortnis Newman as described by 
N. & C. (p. 178), particularly in the markings of the head, and in the 
large number (8 and 10 in the forewings) of crossveins beyond the cord. 
It is however small for that species (expanse 60 mm.), and has a dis- 
tinctively notched subgenital plate (fig. 13). The latter is suggestive 
of, but more extreme than, the notched plate of one of the figures of 9 
A. perplexa Prison (1937:80). 

33. Acroneuria difficilis Klapdlek (1917 : 47). The type is in Prague, 
a cf from “North Carolina, Morrison". We can distinguish it from 
abnortnis Newman only by its small size (expanse 43 mm.), although it 
is of course possible that relaxation of the abdomen would show other 
minor differences; the head pattern is the same, and crossveins beyond 
the cord are (9, 10) in the forewings, and the genital hooks are of the 
same general type. It may prove to be associated with A. clara 
Klapfilek, and is certainly synonymous with A. scabrosa Klap41ek, which 
sec. 

34. Acroneuria eidmanni Sdmal (1933:96). The 9 type is in 
Prague, from Matamek River, Quebec Labrador. The subgenital plate 
does not differ from that of the type of A. abnortnis (Newman) in 
London, and it is improbable that the somewhat darker colour of body 
and legs is any more than an individual, or at most a local, variation. 

35. Acroneuria evoluta Klap41ek (1909). The type 9 , from New 
Orleans, is in the Vienna Museum. The name is used for a distinct 
species by N. & C. (p. 186), and more doubtfully by Prison (1937: 79). 
Our study indicates that it is synonymous with arida Hiqjen, as earlier 
suggested by Prison (1935: 95). As compared with Prison’s Kansas 
specimens, the subgenital plate is wide, comparatively deeply notched 
on the sides, and not declivitous. 

This synonymy leaves the species A. evoluta Klap. of Prison (1937: 
79) without a name. No new name need be propos^ at the moment. 
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however, as it is possible that one of those whose position is inadeciuately 
known will be available. 

36. Acroneuria internata (Walker) (1852: 152- -Per/a). The British 
Museum type 9 is from “North America"'. N. & C. (p. 184) ^nve a 
descTiption applicable to the type. The subgenital plate has lobes 
somewhat more pronounced than those they show, and with their edges 
thickened (figs. 14, 15). If the 9 figured by Prison (1935: 330) belongs 
here, it is evident that the subgenital plate of internata can exhibit 
considerable variation. 

37. Acroneuria lycorias (Newman) (1839:85 Perla), Newman 
mentions .siiecimens in the British Museum and in F. W. Hope's cabinet. 
We were unable to locate the species in London, but Hope's specimen is 
now in the University Museum at Oxford, and may bt‘ named lectotype. 
It agrees with N. & C.'s description (p. 189) in every way; the subgenital 
plate is produced over about half of the 9th segment, and is truncate 
at the tip. 

38. Acroneuria Pennsylvania! (Rambur) (1842: 456 — Perla). Kla- 
pAlek (l909a) said the type was in the Selys ('ollectiou, but we were 
unable to locate it there; nor is it in Paris, where it might be expected. 
In Prague there is a pair from Harrisburg, Pennsylvania, bearing on 
the pins the labels ''Acroneuria pennsylvanica Rambur" and "Plesio- 
typus", the latter, at least, by KlapAlek. We lake this to mean that 
Klapdlek had compared them with the type. They are in fact arenosa 
Pictet as used here (not as used by Klapdlek). Near them is a 9 
arenosa with labels "Perla (Acroneuria) ahnormis Newm. pennsylvanica 
Ramb.", “Philadelphie", and “Mus. Paris". This may possibly be the 
missing type of pennsylvanica, as Hagen did in fact synonymize it with 
abnormis Newman ; the French origin is also very suggestive. Klap51ek's 
drawing of the subgenital plate of the type is characteristic of arenosa. 
All evidence available therefore points to the identity of pennsylvanica 
and arenosa, and the latter name has several months priority. Specimens 
determined as pennsylvanica in America are said by Prison (1935: 391) 
to be abnormis Newman, at least in part. 

39. Acroneuria ruficeps Klapilek (1917 : 56). The type is in Vienna, 
a 9 from s)Uth Colorado. It resembles the earlier-described pumila 
Banks, a species incertae sedis to Klap&lek. It also resembles pacifica 
Banks in everything but the curiously shortened wings, so may eventually 
be regarded as a synonym of that species. 

40. Acroneuria scabrosa Klapdlek (1917:46). The type cf is in 
Prague, from Falls Church, Virginia. KlapAlek regarded this as similar 
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to his difficilisi we believe them identical, and the name scabrosa has 
page priority. The only differences noticed between the two types are: 
scabrosa has fewer orossveins beyond the cord (4, 4 against 9, 10, in the 
fore wings) : difficiUs has less intense dark markings on the head, though 
the same pattern ; the pronotum of difficilis is slightly shorter. Undue 
systematic value was given to small differences in the shape of the 
pronotum by Klapilek. 

It is probable that scabrosa will prove to be the same as some species 
currently recognized under a different name. A close study of the 
genitalia is nece.ssary. 

41. Acroneuria sonans (Newport) (1851 : 447 — Perla, sg. Acroitouria). 
The tyiH* 9 , from St. Martin’s Falls, Albany River, Ontario, is in the 
British Museum. Its head is oft; the subgenital plate is asymmetrical 
and presumably abnormal, being slightly produced in an irregular curve 
on one side only. The single crossvein beyond the cord in the fore wing 
indicates that it is probably lycorias Newman or some related species, 
rather than abnormis Newman as indicated by Hagen (1861 : 17). 

42. Acroneuria trijuncta (Walker) (1852: 153 — Perla, sg. Acroneuria). 
1'he type 9 specimen in the British Museum is from Georgia, and has 
suffered more than its share of the vicissitudes of taxonomy. At present 
it is recognized as distinct by N. & ('. (p. 183), the type and a specimen 
from Lake George, N.Y., being the only ones known. However, Dr. 
Claassen's notes on the type indicate that it has the many-branched 
2nd anal vein in the hind wing which is characteristic of arenosa Pictet; 
the subgenital plate, if relaxed, would have an outline as in that species; 
hence trijuncta becomes a synonym of arenosa. 

43. Acroneuria xanthenes (Newman) (1838: i7B~Perla). The cf 
and 9 cotypes, from Georgia, are in the British Museum. N. & C. 
(p. 194) have already designated the 9 as lectotype, and described it 
well. Dr. Classen identified the cf as Togoperla kansensis Banks. 

44. Claassenia arctica (Klap&lek) (1916; h^—Adelungia). The cf 
and 9 types, from "Arctic America”, are in the British Museum. 
Genitalia of this interesting species are shown in figures 16 and 17. The 
genus is represented in North America by this species and by the Perla 
languida of N. & C. (p. 100), known from Wyoming and Montana. 

45. Neophasganophora tristis (Hagen) (1861: 22 — Perla), A c? 
specimen in the Selys Collection, labelled "Washington, Sacken; Perla 
tnstis Hagen; Typus”, is Togoperla media (Walker). N. & C. (p. 103) 
have however designated as lectotype a specimen in the Harvard 
Museum, which they synonymize with N. capUata (Pictet) . 
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46. Togoperhi immarginata (Say) ^ (18211:104 Sialis), A V tnnn 
New Orleans, in the Vienna Musc'um, beans ronsirlerable resemblance to 
this species as recognized by N. & C. (p. 102). It was the basis of the 
description and figure of ''Acroneuria lurida Hagen” in Klap(ilek (1000). 
However, Dr. T. H. Prison suggests (in a letter) that New Orleans is 
out of the normal range of immarginaUi. 

47. Togoperla media (Walker) (1852: 145 — Perla, sg. Isoge^ms), 
The type is in the British Museum, from St. Martin’s Falls, Albany 
River, Ontario. Dr C'laassen found that the abdomen of the specimen 
had betm glued on to it, and did not belong to it originally. The head, 
thorax and wings are typical of media as used by N. & C‘., so the current 
determination can stand, at least pending further collecting in the type 
locality. Klap&lek’s (1923: 06) illustration of the abdomen is c^f course 
inapplicable to this name, being probably a cf* hogenus. 

48. Perla decisa Walker. (1852: 170- Perla, sg. Chloroperhi). Placed 
in Isoperla by Banks (1007: 13), and in Isogenus {!!lsogenoides) by 
KlapAlek (1912:61), examination of the relaxed al>domen shows that 
the tyi)e cT belcmgs to the group of species, inc'luded under Perla by 
N. & C., which ha\e the 7th abdominal sternite produced into a nail. 
It comes from St. Martin’s f\ills, Albany River, Ontario, and is in the 
British Museum. 

Length to tip of wings 12.5 mm. Oneral colour y(‘llow and brown. 
Head mostly f)r(>wn, with yellow spots betwe(‘n ihe eyes and postcTior 
ocelli, on the front of the head from the M>ridg(' almost to the edge of 
the labrum, filling most of the ocellar triangle, and prelecting backward 
and outward therefrom in a narrow line on each side. Antennae and 
palpi brown. Prothorax with brown borders, and disc at least partly 
yellow (the pin obsc'ures the central area). McvSo- and metanotum 
mostly brown, with a few yellow spots; sides of the thorax bnwn, the 
sterna yellow. Leg segments brown, tending to yellow along the inner 
margins. Abdomen and cerci brown above and below, the “nail” of the 
7th sternite yellow. 

Front margin of pronotum apparently convex anteriorly. Wings 
hyaline with a faint yellowish cast. In the forewing: Sc terminates 
before the cord; 4 costal crossveins before its tip, 3 beyond; Cu-A cross- 
vein distant from the anal cell by more than its own length; the two 
branches of A* arising independently from the anal cell. 

Male: 7th sternite with the hind margin sinuously produced into a 
yellow nail (fig. 18); 9th sternite only slightly extended posteriorly. 
Dorsally the segments are normal to the 8th. The 9th has its posterior 
border produced at each edge, so that the central part of the tergitc is 
narrow longitudinally. The 10th tergite is cleft, its inner posterior 
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margins produced into rounded processes, weakly chitinized and crenulate 
on the inner edges (fig. 19). Supra-anal process approximately U- 
shaped, with a slender sharp hame-like process on either ade lielow; it is 
attached to a black basal support having three short blunt projections 
anteriorly. Subanal lobes of cerci of normal form. 

In N. & C.’s key to Perla this species runs to couplet 14, The 
genitalia are similar to their P. aestivalis, or to P. verticalis Banks, and 
one of these may lie synonymous. 

Pending agreement as to what shall be the genotype of Perla, we 
retain (his species there. 

49. Perla olivacea Walker (1852: 144 — Perla, sg. Isogenus). Like 
tlie last, this species springs from St. Martin’s Falls in northern Ontario; 
it has not been recognized from any more southerly locality by modem 
students. Walker desi'ribed only a single cf, but among his specimens 
of hogenus frontalis there was a 9 from the same locality, which agrees 
so well with olivacea in details of colour and venation that we have little 
hesitation in describing it here as neo-allotype. There is also a c? in the 
Vienna Museum labelled "Hudsons Bai, 1881”. 

Length to tip of wings: o’, 14 mm.; 9 , 20 mm. General colour dark 
brown with yellow markings. Head yellow below, brown above with a 
yellow triangular or bee-hive shaped spot on the occiput, extending 
forward to the frontal suture; posterior margin yellow. Ocelli with 
black rings on inner sides. Prothorax brown above and below, except a 
median dorsal yellow stripe of width about 0.07 of the whole. Below, 
the meso- and metathorax have a conspicuous pattern of yellow and 
brown; coxae brown, trochanters yellow (except on hind l^s), remainder 
of legs brown. Abdomen blackish brown, with yellow near the tip in 
the 9. 

Frontal M-ridge bare and brown; ocelli slightly closer to the eyes 
than to each other; lateral tubercles well-developed. Prothoracic veidth 
about 1.8 times its length in front, behind rather narrower; all angles 
subacute; anterior and posterior grooves well developed; rugose on the 
disc. Wings brownish-hyaline, with brown veins; a faintly darker spot 
about the cord near the costal mai^in. Sc approaches closely to C for 
some distance, then diverges before finally running out into it. Costal 
crossveins before tip of Sc 5 to 7, beyond it 1 or 2. Cu-A crossvdn in 
fore wings very short, distant from the anal cell by rather more than the 
length of the Ai-Ai crossvein. Fork of A» outside the anal cell in one 
fore wing, in others the two branches leave the cell at the same point, or 
only slightly separated. Intercubital crossveins of hind wing 6 or 
possibly more. 
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Male: 7th abdominal sternite with a broadly rounded yellow nail on 
the hind margin (fig. 20) ; 9lh sternite only slightly prolonged. Dorsally 
the abdominal segments are normal to the 7th. The 8th tcrgite is 
somewhat excavate on either side of the posterior margin ; it is elevated 
near the middle, and on the downward-sloping posterior half bears 
numerous spinules (figs. 21, 22). Ninth tergite broadly and deeply notched 
from behind, its width at the centre only a third of that at the sides; its 
anterior margin sinuate; on the narrow central portion is a short trans- 
verse shelf overhanging the steep slope down to the depreswMl anterior 
margin. Tenth tergite cleft, much depressed anteriorly, the posterior 
inner corners enlarged and elevated into a pair of villose knobs bearing 
spinules on their anterior faces. Supra-anal process in two parts: 
(a) a broad section originating under the anterior corners of the 10th 
tergite, running downward and backward to the posterior margin of the 
segment; at its end is erected (b) a complex structure (figs. 22, 23) 
terminating in a long lash. Subanal processes, from the bases of the 
cerci, modified into two parts: a posterior and outer section, concave, 
meeting its fellow to form a hood over part (b) of the supra-anal process; 
and an anterior or inner section, directed downward and forward and 
with a chitinous inner margin which at its tip touches part (a) of the 
supra-anal process. 

Female: Subgenital plate produced over half of the 9th segment, its 
sides rounded, a small obtuse notch in the middle (fig. 24) tip of the 
plate, most of 9th sternite, and posterior half of 10th sternite and tergite 
whitish yellow. 

The prevailing dusky tint of this species is probably the reason for 
its placement in Isogenus by Walker, and the nail on the abdomen 
moved Klapdlek to keep it there. We were unable to determine 
definitely whether or not there were submental gill remnants on any of 
these specimens-— a character said by Frison (1935: 416) to distinguish 
Perlodidae from Perlidae in his restricted sense. The abdominal nail 
above-mentioned is much less like Isogenus than it is like certain species 
of Petla (e.g. decisa)^ so we tentatively retain it in that genus. The cf 
genitalia are very distinctive. 

60. Perla posiica Walker (1852 : 144 — Perto, sg. Isogenus), The type 
in the British Museum, from the MacKenzie River, northwestern Canada, 
lacks its abdomen and the wings are somewhat damaged. Dr. ("laassen 
noted that there are four costal crossveins beyond Sc in the forewing 
more than in the specimens from the eastern U. S. A. determined as 
postica by N. & C. (p. 82). He regarded these determinations as 
probably erroneous. The colour of head and prothorax is rather similar 
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to olivatea Walker, but the venation is unlike that species. We were 
unable to distinguish, but hesitate to affirm the absence of, submental 
gill remnants. It w ill probably prove impossible to recognize the species 
with certainty, at least until additional material is at hand from the 
same region as the type. 

51. Isogenus frontalis (Newman) (183H: nS- Perla, sg. Iso}ienus) 
IVo types of Newman are in the British Museum, from Trenton Falls, 
N. Y. ; both have lost their abdomens. Two cTd^ taken at the same 
place and by the same collector (I'oster) are complete; the supra-anal 
process of one of them is visible, and resembles the drawing of N. & C. 
almost evac'tly. Also in the British Museum is a 9 from “Hudson’s 
Bay” (St. Marlin’s Falls‘s), having a subgenital plate as in the N. & C. 
frontalis; it is one of Walker’s series. A second 9 of Walker w^as 
described under olivatea above. 

52. Perlodes {Arcynopteryx) americana (Klapfilek) (1912: 21- 
Arcynopteryx). The type will probably be found in Deutsches En* 
tomologisches Institut at Berlin-Dahlem. We have seen paratypes 
(“Cotypen”) as follows: 4 brachypterous ef’ef from S. Colorado in the 
Vienna Museum, and one ditto at Prague. These may possibly be 
what is recognized under this name by N. & C. (p. 61), although they 
do not mention brachyplery. Examination of the relaxed genitalia is 
necessary for a decision on this species. 

53. Perlodes {Arcynopteryx) minor (Klapalek) (1912: 22^- Artyn- 
opieryx). The types, a pair from “Arctic America”, are in the British 
Museum. In Berlin there are 7 c? c?* and 5 9 9 collected at Tikcrakd- 
juak, Nettilling Lake, Baftin Land, from July 12 to 22, 1910. Figured 
here are the cT genitalia, from the type and the 9 subgenital plate, 
drawn from one of the Berlin specimens (figs. 25-27). P. minor is one 
of a group of closely-related species including com pacta McLachlan, the 
type of Arcynopteryx Klapdlek, which is here considered as a subgenus 
of Perlodes Banks. 

51. Ilastaperla oculata (Klapalek (1923b: 29— Isopteryx), There are 
two types, one in Vienna and one in the Selys Collection, both labelled 
“Trenton Falls, N. Y., von Sacken, 1868”. Both have lost their ab- 
domens. There is nothing to distinguish them from II, brevis (Banks), a 
widely distributed species. For the use of the name Hastaperla, see 
No. 61 below . 

55. Isoperla citronella (Newport) (1848: 388, 1851: 450 — Perla), 
Newport’s two types consist of a cT and a 9 from St. Martin’s Falls, 
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Albany River, Ontario. To these Walker (1852; 170) added a 9 
Alloperla from Nova Scotia, c|uite different from the types. All three 
specimens are in the British Museum. 

Length to tip of uings: cT 11 mm., 9 about 12 mm. General colour 
yellow; on the head is a transverse ellipsoid brown spot in th(» region of 
the anterior ocellus, and sending narrow projections back t<^ the posterior 
ocelli; ocelli narrowly ringed with black; (he antennae yellow near the 
base, brown near the tij). IVonotum yellow, witli broad brown stripes 
on cither side en('losing a narrow mid-line. Mesothorav yellrjw’ above 
and below.; metathorax brown. Fore and middle legs yellow, tarsi 
darker (hind legs off). Wrings clear h^’aline, the veins scarcely coloured. 
Abdomen entirely brown, the posterior bord(M*.s of the segments a little 
lighter. (The above colour description refers to the cT ; the 9 dillers as 
follows: (head absent); mesothorax with brown marking on the vellow 
above; metathorax yellow lielow; the hind legs yellow with a narrow' 
brown band at the tip of the femur, the first tarsal segment consp^icu- 
ously brown, the second yellow ; veins of the w ings much darker ; abdomen 
yellow below, brown alnive). 

Hind ocelli slightly closer to the eyCvS than to each other. Branches 
of A 2 arise separately from the anal cell in the fore-wing. Pronotum 
quadrangular, the angles subacute*. 

Male: 8th abdominal segment with a w^dl -developed nail on its 
posterior ventral border (fig. 28). Ninth sternite p)roduced and sub- 
truncate in ventral view' (fig. 29). The subanal lobes blunt, not modified 
into hooks. 

Female: 8th sternite very slightly produced, its border shallowly 
emarginate (fig. 30). 

The relation of these spiecimens to other American species will 
probably remain ob.scure until additional material is available from far 
northern Ontario. The differences in colour noted, particularly of the 
wings, suggest the possibility of incorrect association of the sexes; to 
meet this contingency, we designate the 9 as lectotype, as being most 
likely to be recognized later; its subgenital plate differs somewhat from 
any one figured in the literature to date. The cf goes to hilineata Say 
in the N. & C. key (p. 145), and to that species or richardsoni Krison in 
Prison’s (1935: 434), but is not either of these. 

56. J soperla decolorata (Walker) (1852: 170 — Perla, sg. Chloroperla), 
The two British Museum types are from Great Bear Lake, northw^estern 
Canada. One is a 9> other lacks its abdomen; both are much 
shrivelled and faded* The general appearance is that of L bilineata 
Say, and the triangular subgenital plate (fig. 31), with its slightly notched 
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tip, is similar to one form of bilineaia as figured by Prison (1936: 330). 
Additional material might show that the name should l)e sunk under 
Say’s earlier one. 

57. Isoperla transmarina (Newman) (1836: 499, 1839: 87 — Perla, sg. 
Chloroperla). The 9 type, in the British Museum, is from ‘‘North 
America”. 

Length to wing tips 13 mm., expanse 23 mm. Head with a pattern 
of brown on yellow (fig. 32). Prothorax brown, with a median yellow 
stripe of width 0.2 of that of the notum at its middle, wider at either 
end; there is also a very narrow lateral marginal yellow stripe. Meso- 
and metathorax brown above with yellow markings. Abdomen yellow 
above, with a broad median brown stripe extending to the 9th segment; 
yellow below and on the sides. 

Head (excluding eyes) as wide as the prothorax; ocellar triangle 
nearly equilateral, the hind ocelli slightly closer to the eyes than to each 
other; lateral tubercles small, light brown, elliptical; frontal M -ridge 
represented only by two faint elongate elevations in front and to the 
side of the anterior ocellus. Prothorax quadrangular, angles subacute; 
the disc only faintly rugulose. Wings hyaline, veins brown; one inter- 
cubital crossvein in each hind wing, no costal crossveins beyond the cord 
in the fore wing, branches of Aa rise separately from the anal cell. 

Female: Subgenital plate a triangle with sides slightly indented and 
tip rounded-truncate (fig. 33) ; its length equal to about 0.3 of its own 
segment, and produced over about a third of the 9th, 

Synonymized with bilineaia Say by Hagen (1861; 30), the type is 
evidently not that species as now understood. We are unable to asso- 
ciate it definitely with species currently recognized in America, though 
this may later be done. 

68. Isoperla clio (Newman) (1839: S&~Perla, sg, Jsogenus). New- 
man’s two cT specimens in the British Museum are types also of N. & 
C.’s genus Clioperla; they are from ‘‘Canada”. N. & C.*s description 
and figures apply fairly well to them. There ai’e two intercubital cross- 
veins in all but one of the hind wings, one in that one. One of the 
abdomens has Iwen relaxed: the 8th sternite has a bow-shaped margin 
the middle part slightly raised and bearing shorter stouter hairs than 
the rest of the venter. Ninth segment produced into a broadly-rounded 
plate, reaching to the tips of the subanal lobes. Above, the 0th segment 
bears, near its posterior border, two small squarish patches of spinules 
separated by an unarmed mid-line. The 10th tergite has a few spines 
adjacent to two chitinized and rather heavily arin^ ridges on its hind 
margin, these separated by a median more membranous area. Subanal 
lobes triangular, obtusish, not modified. 
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6l« Isoperla holochlora (Klapdlek) (1923b: 28 — Chloroperla). There 
are four sp)ecimens so labelled in the Selys Collection at Brussels. Of 
these, one 9 is probably not of the same species as the rest, beinu: con- 
siderably smaller (L. 10.5 mm.) and having the subgenital plate 
differently shaped. Another 9 » here designated lectotype, is 14 mm. 
long to wing tips, and is the basis of the description to follow. Two cf & 
(L, 12.5 mm.) are probably to be associated with the type 9 • All are 
from “Georgia, Morrison**. 

Colour intense yellow with light brown markings. Head yellow; 
ocelli narrowly ringed with black; a brown spot fills the ocellar triangle, 
its sides parallel, its front square, its hind margin slightly bowed to rear; 
1st four segments of antennae yellow, the rest brownish; palpi yellow, 
their last segment brownish; clypeus brownish (except in one cf). 
Prothorax with a yellow median stripe 0.1 to 0.2 of the total width, 
widened to rearward; its disc lightly marked with brown, its sides with a 
narrow yellow stripe; anterior groove and flange entirely brown, except 
at the mid-line. Remainder of thorax yellow; head and thorax yellow 
below. Legs yellow ; a narrow terminal band on outside of the femora, 
and tips of tarsi, dark. Abdomen yellow above and below, the terminal 
sternites of 9 and one c? darker; tails brown in 9, yellow in c?. 

M-line of the head with the ascending (inside) branches broad, the 
descending ones very narrow. Pronotum with front and rear margins 
bowed out, all angles subacute; the disc rugose, marked off from the 
median stripe by distinct grooves. Wings with a distinct yellow cast, 
the veins yellow. In two hind wings there is one intercubital cross vein 
each (other wings are not visible). 

Female: Subgenital plate broadly triangular, with straight sides and 
subacute apex (fig. 34). 

Male: Lobe of the 8th sternite well developed, its sides slightly 
emarginate, its tip flattish, almost truncate. A broad heavily-chitinized 
band is contiguous with the posterior margin of the segment at either 
side, and bowed anteriorly in front of the lobe (fig. 35). 

62. Isoperla irregularis (Klap41ek) (1923b: 28 — Chloroperla), Kla- 
p41ek*s holotype and two paratypes in the Vienna Museum prove to be 
9 9, taken April 12 to 23, 1875, with the labels “Boll, Texas**, There 
is also a cf* in the same museum, taken Apr. 14, 1875, in the same locality, 
which may serve as neo-allotype. 

Length to tip of wings; 9 10-11 mm., cf* 10 mm.; expanse: 9 17-19 
mm,, <#* 17 mm. Colour brown and yellow. Head mostly brown, with 
small yellow spots at the base of the antennae, beside each eye, and in 
the middle of the ocellar triangle; the latter is confluent with a yellow 
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band across the hind part of the head, which band is interrupted by a 
faint brown stripe running back from each posterior ocellus; there is 
considerable variation in the i dative areas occupied by brown and yellow . 
Yellow stripe of the prothorax about 0.2 of total width, wider posteriorly; 
disc brown; a narrow dark line fills the anterior marginal groove, ex- 
tending even across the median stripe. Meso- and metathorax brown 
above (except on their hind margins) and on the sides; head and thorax 
yellow' below. Legs brown, (*xcepL the coxae, trochanters and lower 
surface of femora, which are yellow. Abdomen yellowish brown above, 
darker on the sides, and yellow belowr except the basal half of the sub- 
genital plate; c?* abdomen browm above and below, the hind margins of 
the St emit es broadly ringed with yellow. 

Ocellar triangle nearly equilateral; the interocellar distance 1.3 times 
that from eye to ocellus. Prothoracic width 2.0 limes length ; front and 
rear marginal flanges distinct; disc rugose. Wings brownish hyaline, 
veins brown. Ciossveins beyond the cord two or three in the forewdng; 
Rs with two or three branches; branches of A 2 come separately from the 
anal cell. Intercubital veins of hind wing two or three; in the cf one 
and two; middle segments of the tails with a long spine on the posterioi 
border. 

Female: 8th sternite produced over about half of the 9th segment 
(in the dried type it covets it), its hind margin thickened and very 
slightly emarginate in the middle (fig. 36), 

Male: 8th sternite with a well developed nail (fig. 37); the wsubanal 
lolxis cannot be distinguished without relaxing. 

The species evidently belongs in the Clioperla group, but is none of 
those recognized by N. & C. as such. In Frisoii’s (1935: 434) key to 
Illinois Isoperla it goes to mohri Prison, and the secondary sexual 
characters of both sexes appear to agree quite well; but the details of 
colour do not. 

63. Alloperla cydippe (Newman) (1839: SS—Perla^ sg. Chloroperla) . 
The two British Museum coly|>es are females from (Georgia. One of 
them, here designated lectotype, is used for the description and figure 
to follow: 

General colour (dry) yellow. Length to tip of wings 7mm., expanse 
12.5 mm. Head (excluding eyes) not as wide as the prothorax; ocelli 
black; interocellar distance 2.0 tihies that from eye to ocellus; antennae 
mostly brown, yellowish near the base. Prolhorax elliptical, rugose; 
the broad complete marginal flange separated by a narrow faintly 
brownish groove from the disc. Wings hyaline, the vane apparently 
greenish, the veins chloral green. Forewing: Sc ends much before the 
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cord; 3 costal crossveins before the tip of Sc, one beyond; Ao branched 
outside the anal cell, but in one wing: the distal branch j<oes forward to 
meet Ai, rather than descending to the margin. Hind wing;?: Rs ona* 
forked; anal field small but distinct; Ai nearly as long as Cu 2 , Aa and A,^ 
well developed. The subgenital plate (figure 38) is produced over neailv 
half of the 9th abdominal sternite, its tip bluntly pointed. 

The Chloroperla cydippe of Needham and Claassen (p. 128) is not 
the same as cydippe Newman. Their cydippe must therefore tak(‘ the 
name of a former synonym, brevis Banks. Professor N. Banks and Dr. 
L. J. Milne kindly checked this synonymy by re-examining the typ(‘s of 
brevis at the Museum of Comparative Zoidogy. These consist of two 
abdomenless specimens from Sherbrooke, Quebec, which agree in colour 
and venation with ''cydippe'' of N. & C. 

It should be noticed that N. & C.'s use of the generic name Chloroperla 
Newman is inaccurate. In applying it to the species brevis Banks, they 
associated it with certain peculiarities of venation not found in related 
genera, notably a reduction of the anal veins in the hind wings. 
European species of Chloroperla have however been illustrated as having 
normal anal venation by Klap&lek (1909b) and Petersen (1910), albeit 
under the synonymous name Isopteryx Pictet (for this synonymy see 
Banks 1900, and Kimmins 1936). As suggested by Prison (1937:92) 
therefore, the generic name Ilastaperla Ricker (1935), though founded 
on a misapprehension, must be used in place of the Chloroperla of N. cv 
C., to contain the species brevis Banks and orpha Prison, the only species 
of this type known to date. 

A further question arises concerning the use of the name Chloroperla 
in America. The genotype of Chloroperla Newman, which is C. tri- 
pmetata (Scopoli) as shown by Kimmins (1936), would key to Alloperla 
Banks in N. & C.'s key (p. 48) ; and none of the distinguishing characters 
of Alloperla given in published descriptions would exclude the European 
species of true Chloroperla Newman. Dr. P. W. Claassen had obtained 
material of Chloroperla from the British Museum, and in a letter written 
shortly before his death advised the writer that he had come to the 
opinion that Alloperla Banks should be made a synonym of Chloroperla 
Newman. It is not because of disagreement with this conclusion that 
the writer Alloperla in this paper, but rather as a measure of caution. 
No confusion can result from the continued use of Alloperla in America, 
temporarily at least. Adoption of Chloroperla, a name which has been 
applied to three different generic groups, would add greatly to existing 
confusion, were future work ever to make it necessary to separate the 
European and American forms. 
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The differences in venation between the genera under discussion may 
be summarized as follows: 


Chloroperla Newman 
{IsopUryx Pictet) 

AUoperla Banka 

(1) In the hind wing, Ai nearly aa 
long as Cua and close to it for its 
entire length; A* with two well- 
developed branches. 

(2) Anal field of the hind wing 
folding along the line between Cui 
and Ai, 

(3) Rs of the hind wing forked. 

(4) A* of the fore wing forked. 


Hasiaperla Ricker 
{Chloroperla auct. americani) 

In the hind wing, Ai leas than half 
as long as Cui, its tip diverging from 
it; Ai represented by a single short 
rudiment. 

Anal field of the hind wind not 
folding between Cui and Ai. 

Rs of the hind wing simple* 

A| of the fore wing usually simple. 


Of several American species described from European collections we 
failed to find any kind of type specimen. Pictet’s types of Perla capitata 
and P. cotdonii could not be found in the Neuch&tel museum, and 
Professor Fuhrmann writes that he has searched everywhere for them. 
Similarly Perla picia Pictet and P. {Chloroperla) guerini Pictet, supposed 
to be in the Pictet collection of the Geneva museum, are not there now, 
and have probably become corrupted after the usual fashion of earthly 
treasures. Isopieryx rostellaia Klap&lek was not found in any collection 
examined, Nav4s* two species, PUronarcys lobata and Perla uncinata^ 
are presumably in his own collection at Zaragoza. 
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Explanation of Figures 

1. Taeniopleryx gUicialiis Wings of leclo-allotype 9. 

2. 7’. glacialta. Alxlonien of lectotvpe from the sicle, (Relaxed). 

3. r. RlacialU. Abdomen of Icctotype cf, from above. (Relaxed). 

4. 7‘. glacialU. l*o 3 teiior part of supranal process of Icctotype d^, from the front. 

5. T. glaciahi. Anterior part of supra<anal process of Icctotype cT, from the front. 

6. T, glacialis, .Supra-anal process of lectotyi^e cT, from the side. 

7. 7\ glactalis. Abdomen of lecto-allotypc 9 , from below. (Relaxed), 

8. Nrmoura (Ulndipenni*^ Abdomen of holotype 9 t from below. (Relaxed). 

9. Leuctra fenugtnea (Walker), Abdomen of lectotype 9, from below. (Relaxed). 

10. Capnia vrrnalis (N^v/]yovi). Abdomen of lectotype cf*, from below. (Relaxed). 

11. C. vcrnalus. Abdomen of lectotype cT, from the side. (Relaxed). 

12. C. vrrnalis. Abdomen of lecto-allotvpe 9, from below. (Relaxed). 

13. Acrotu'una clara Klapalek. 8th and 9th segments of abdomen of holotype 9, 
from below. (Dry). 

14. Acronewia internata (Walker). Abdomen of holotype 9 , from the side. (Dry). 

15. A, internata. Abdomen of holotype 9, from below. (Dry). 

16. Claassenia arctica (KUi>&lek), Abdomen of allotype 9 , from below. (Dry). 

17. C. arctica. Abdomen of holotype cf » from above and behind. (Dry). 

18. Pcf /a dema Walker. 7th abdominal sternite of holotype cT. (Relaxed). 

19. P. decisa. Abdomen of holotype d*, from above. (Relaxed), 

20. Perla olivacea Walker. 7th abdominal sternitc of holotype cf . (Relaxed). 

21. P. olivacea. Abdomen of holotype cT, from above. (Relaxed), 

22. P. olivacea. Abilomcn of holotype cT, from the side. (Relaxed). 

23. P. olivacea. Supra-anal process of holotype from the right aide. 

24. P. olivacea. Abdomen of neo-allotype 9 , from below. (Dry). 

25. Perlodes minor (Klapalek) . Abdomen of holotype cT, from above. (Relaxed). 
20. P. minor. Abdomen of holotype d*, from the side. (Relaxed). 

27. P. mvwr. Abdomen of a 9 in the Berlin Museum. (Dry). 

28. hoperla citronella (Newport). 8th abdominal sternitc of lecto-allotype cT, from 
below. (Relaxed), 

29. I. citronella. Tip of abdomen of lecto-allotypc cT, from below, (Relaxed). 

30. I. citronella. 8th and 9lh sternites of lectotype 9. (Relaxed). 

31. Isoperla decolorata (Walker). 8th and 9th slernites of lectotype 9 . (Relaxed). 

32. Isoperla transmarina {^Qvfnvtin). Head of holot ype 9. (Dry). 

33. I. transmarina. Abdomen of holotype 9 » from below. (Relaxed). 

34. Isoperla holochlora (Klap&lek). 8ih and 9th aternites of lectotype 9. (Dry). 

35. /. holochlora. 8th sternitc of cotype . (Dry), 

36. Isoperla irregularis (Klap&lck). 8th sternitc of lectotype 9 . (Dry). 

37. I. irregularis. Lobe of 8th sternitc of neo-allotype d”. (Dry). 

38. Alloperla cydippe (Newman). Abdomen of Icctotype 9 , from below. (Relaxed). 
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A FAUNAL INVESTIGATION OF WESTERN RAINY 
RIVER DISTRICT, ONTARIO* 

By L. L. Snyder, 

Royal Ontario Museum of Zoology 
General Introduction 

The papers which follow are a continuation of a series of reports 
based on collections and field studies made by the Royal Ontario 
Museum of Zoology in sections of the province from which specimens 
and other data were desirable. The field work for the present reports 
was accomplished between May 31 and August 10, 1929. The accom- 
panying map circumscribes the area studied and on it the camps and 
collecting stations are indicated. 

The portion of Rainy River District with which we are here concerned 
consists of approximately fourteen hundred square miles. It is bounded 
on the south by the Rainy River which constitutes the Minnesota- 
Ontario boundary; on the west by Lake of the Wocxls, which lies on the 
Manitoba-Ontario boundary; and on the east and north by Rainy Lake 
and the system of lesser lakes which mark the border of exposed 
pre-Cambrian rock in this region. 

The underlying geological structure of the southern, central and 
western portion of this area consists of a schist complex essentially of 
volcanic origin (Map 266A, Dept, of Mines, Ottawa). These rocks, 
however, are largely covered by glacial drift and sediments. Coleman 
(1922) states that Lake Agassiz occupied parts of Saskatchewan, 
Manitoba and Ontario in Canada and parts of North Dakota and 
Minnesota in the United States. Lake Winnipeg in Manitoba, and 
Lake of the Woods and Rainy Lake in Ontario, are successors which 
occupy portions of this original basin. The physiography of the western 
portion of Rainy River District shows markedly the effects of glacial 
deposition and the levelling-off processes which were at work in the 
basin of Lake Agassiz. 

Along the eastern and northern border of this area, granite and 
granite-gneisses, hard rocks of Archaean age, are exposed or lie near the 
surface. The irregular depressions on these are filled with water which 
spills from one to another thus constituting chains of clear lakes which 
find their drainage through Rainy River to Lake of the Woods and thence 
to Lake Winnipeg and to Hudson Bay via the Nelson River. 

As a whole, the area with which we are concerned supports a 

’^Contribution No. 14 of the Royal Ontario Museum of Zoology. Publication 
assisted by the Reuben Wells Leonard Bequest. 
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considerable forest cover, although much arable land is under agricul* 
tural development, a point to be mentioned later. Lumbering, fires 
and clearing of the land has interrupted the forest cover here and there, 
especially in central and southern parts. Extensive “wild" plots of 
woodland and bog still exist along with cultivated lands and these areas 
are more or less linked to the continuous and primaevid hinterland. 

The earliest reference to the forests of the region appears to be that 
of Ballantyne (1848). In his account of a voyage by canoe from Lake 
of the Woods eastward on the Rainy River, made in September, 1841, 
he mentioned that "ash, poplar, cedar, red pine, white pine and birch" 
grew along the banks. The same trees would be identified on a similar 
journey to-day but continuous tree-growth does not now characterize 
this section of the district and pines have been largely cut out. In 
southern and central sections poorly drained areas still support stands 
of black spruce. Here and there aspen poplar woods predominate 
in the landscape. The heaviest stands of trees are to be found on 
Indian Reserves, of which there are several. On these one finds old 
stands of aspen poplar, balsam fir, balsam poplar, white spruce, black 
ash and American elm. 

Creek bottoms are for the most part wooded with relic assortments 
and rather extensive woodlots and open wooded pastures are found on 
farms. Several spedes of trees of more than ordinary interest are not 
uncommonly met with. These are bur oak, box elder and hawthorns. 
Among the principal shrubs to be found are mountain maple, speckled 
alder, red-osier dogwood, beaked hazel, pin and choke cherry and 
species of Salix, Viburnum and Amelanchier. 

The northern lake country which borders the area undergoing 
agricultural development, supports largely a mixed forest. Black spruce 
bogs and white cedar swamps characterize the lower ground. Lumber- 
ing has removed the larger white and red pines, although second growth 
of both spedes is to be found and jack pine occupies dry situations in 
extensive areas, espedally to the north. 

Sharpe and Brodie (1931) compare the forest of the Rainy River 
District with that of the Sudbury District in Ontario. Further, they 
state that the probabilities are that these two floras originated from the 
same centre following gladation, Their description of the forest of 
Rainy River District will apply more particulariy to the roug^ lake- 
country which constitutes Ae border of the area dealt with in this 
report. 

It seems probable that the portion of the district bordering the 
Rainy River would yield a number of western and southern floral 
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elements not characteristic of the district as a whole, if it were in- 
vestigated botanically. 

Agriculture had its beginning along the Rainy River more than forty 
years ago. In 1890 only a few clearings had lieen made and these were 
located along the Rainy River which was the only highway for travel. 
In due course farms were established along a sixty mile front, from the 
town of Rainy River on the west to Fort Frances on the east. At the 
present time farms and roads extend inland for fifteen or twenty miles, 
especially in the central district north of the town of Emo. Small 
pioneer farms, made and occupied largely by immigrants from Finland, 
are found in the north bordering the lake country. 

The clearing of extensive tracts of land in this region undoubtedly 
has had a considerable effect on the fauna now to be found there. The 
Ontario portion of the broad and flat basin of glacial Lake Agassiz, 
situated as it is close to native prairie (30 miles to Roseau, Minnesota), 
has become prairie in effect where the forest-cover has been removed. 
We were informed by residents of the district that in 1910 a great fire 
swept from the vicinity of Warren to Baudette, Minnesota. This 
tended to create a corridor which conceivably could have facilitated 
eastward extensions of range of prairie forms. Then too, railroad right- 
of-ways are important features in connection with recent dispersals. 

The climate of the western portion of Rainy River District is one of 
considerable extremes because of its interior-continental location. The 
isotherm of O^F. for January (like White River, Ont.) passes through the 
area, as does also the 67®F. average for July (like Toronto). Sharpe and 
Brodie (loc. cit.) give the frost-free period for the district as a whole as 
ninety-three days, which approximately corresponds to Parry Sound 
and Muskoka Districts in eastern Ontario, The annual precipitation 
is 23.74 inches, approximately half of which falls in the growing season. 

Previous Work in the Region 

So far as it is known no comprehensive studies or surveys have been 
made of the biota of the western portion of Rainy River District. A 
few papers dealing with the fauna of territories more or less adjacent 
to the area here considered may be mentioned. The earliest of these is 
on the birds of Itasca County, Minnesota, by Cahn (1920). A paper 
by Johnson (1020) deals with the summer birds of Lake County, 
Minnesota. This was followed by additions relative to the birds of 
Lake County by the same author (1921 and 1923) and by Cahn (1922). 
In 1921 Cahn published a paper on the mammals of Itasca County, 
Minnesota. Next in chronological order are two papers on birds from 
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Indian Bay, Lake of the Woods, Manitoba (and Ontario) by William 
Rowan (1922A and 1922B). In 1930 Johnson’s paper dealing with 
mammals of northwestern Minnesota appeared. The next item is an 
illustrated descriptive account of the country “between Lake Superior 
and Lake of the Woods” by Jaques (1931). Another paper to be 
mentioned is that of Tanton (1935) which deals with a fresh water 
bryozoon found in the eastern part of Rainy River District. 

The only published papers dealing with the fauna of the western 
portion of the Rainy River District, so far as the writer is aware, are 
those of Brimley (1929, a and b). These two papers deal with insects 
and were based on collections made there during 1924. A few specific 
records of animal occurrences in the region have been found in the 
literature. Where pertinent these will be cited in the following 
annotated lists. 


Life Zones and Faunal Area 

The incidental gathering of data relative to the trees and shrubs 
occurring in the western part of Rainy River District w’^as sufficient to 
show that the forest of the region is fairly typical of the eastern section 
of the Canadian life zone. The more complete record of vertebrate 
animals, which was the primary objective of our survey, demonstrates 
also that the composite association of forms in this region is largely 
characteristic of the Algonquin faunal area of the Canadian life zone. 
The peculiarities of this area, however, as compared with other sections 
of the province, regarded according to the life zone concept, were rather 
marked and require some mention. 

In general the Rainy River fauna is similar to that of areas two to 
three degrees of latitude farther south, in southern Ontario. This is 
significant, since it indicates that the range limits of quite a number of 
vertebrate animals, particularly birds, swing northward in the west or 
toward the interior of the continent, thus paralleling summer isotherms. 
The following forms found in the Rainy River District substantiate this 
statement: Tree Toad {llyla versicolor)^ Hooded Merganser {Lophodytes 
cucullatus)^ Cooper's Hawk (Accipiter cooperi)^ Piping Plover, {Chara- 
drius melodus), Black Tern (Chlidonias nigra) ^ Whip-poor-will (Antro- 
stomus vociferus) , Red-headed Woodpecker {Melanerpes erythrocephalns) , 
Crested Flycatcher {Myiarchus crinitus), Eastern Wood Pewee (Myio- 
chanesvirens), American Rough-winged Swallow (Slelgidopteryx ruficollis), 
Purple Martin (Progne subis), White-breasted Nuthatch (Sitta carotin- 
ensis)^ Short-billed Marsh Wren {Cisiothorus sUllaris), Catbird (Dume- 
Ulla carolinensis)^ Brown Thrasher {Toxostoma rufum), Wilson’s Thrush 
(Hylocichlafuscescens), Common Shrike {Lanius ludovicianus)^ Baltimore 
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Oriole {Icterus galbula). Scarlet Tanager (Piranga erytkromelas) and 
Grey Squirrel {Sciurus caroHnensis), Additional species could be in> 
eluded as illustrating the above northward range penetration in the 
west but the cases cited are sufficiently numerous to illustrate the point. 
Also, it was found that many of the forms listed above were sufficiently 
numerous to suggest that their range extends northward beyond the 
western portion of Rainy River District in Ontario. 

Some mention should be made of certain conditions observed which 
confuse the zonal picture in this r^ion. The occurrence of low or 
poorly drained flats and troughs which support pure stands of black 
spruce (and an accompanying under cover of “oxylophytes") has been 
mentioned. These are ecologically similar to conditions prevailing in 
northern Canadian and Hudsonian zones. These “boreal islands” are 
especially common in the interior — Minnesota, Manitoba and adjacent 
parts of Ontario — ^and tend to confuse the zonal stratification in this 
region. Perhaps the most striking way to illustrate the point is to 
remark that the Red-headed Woodpecker was observed in a partial 
clearing near Big Fork while immediately opposite this situation in a 
black spruce forest an American Three-toed Woodpecker was collected. 
This might be interpreted as evidence of an overlapping of Carolinian 
and Hudsonian faunas, in terms of life zone representation. 

In one other respect the western part of the Rainy River fauna is 
notably different from comparable faunal areas in the eastern part of 
Ontario. Because of the proximity to native prairie and because 
agricultural development has produced extensive tracts of treeless or 
pseudo-prairie conditions, a notable number of prairie forms has invaded 
the region. Some may have long since been established there. It 
seems probable that additional forms have since come to occupy the 
area. Some of these animals are certainly more characteristic of the 
Assiniboian faunal area. A significant assemblage (A elements of this 
fauna has not previously been recorded for Ontario. The following 
species and subspecies comprise the more obviously western or prairie 
representatives in the Rainy River fauna: Northwest Swamp Tree 
Frog {Pseudacris septentrionalis), Mallard {Anas platyrhynchos), Green- 
winged Teal {Nettion carolinense), Poplar Sharp-tailed Grouse {Pedio- 
ecetes phasiandlus campisylvicola), Western House Wren {Troglodytes 
aedon parkmanni), Western Palm Warbler {Dendroica palmarum paU 
marum), Western Meadowlark {SturneUa neglecta), Giant Red-wing 
{Agelaius phoeniceus arctolegus), Nevada Cowbird {Moloihrus oter 
artemisiae). Prairie Savannah Sparrow {Passeretdus sandwichensis 
campestris?). Western Vesper Sparrow {Pooecetes gramineus confiftis), 
Clay-colored Sparrow {Spiaella paUida), Dakota Song Sparrow {Melospua 
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melodia juddi) and Franklin's Ground Squirrel {Citellus franklini). 

Although the emphasis has thus far been placed on the irregularities 
and peculiarities of the fauna of the western part of the Rainy River 
District, reference to the complete list of animals recorded in the papers 
which follow will show that animals usually regarded as characteristic 
of the Algonquin fauna of the Canadian zone predominate. There is 
no^ doubt that the fauna of Rainy River District is the richest and most 
varied of any area visited so far during the prosecution of the Museum's 
surveys. 

Camps and Itinerary 

Observations and collecting in the western portion of Rainy River 
District was started by Mr. H. P. Stovell and the writer at a camp a 
few miles north of Emo. Arriving on May 31, 1929, work was carried 
on here until J une 30. F rom the camp at Emo collecting and observation 
trips were made to other points, along the Rainy River immediately to 
the south, southeast to Big Fork and eastward to Fort Frances. On 
June 30 we were joined by Messrs. J. L. Baillie, A. R. Van and Chas. 
Tompkins. Camp was removed to Off Lake from which trips were 
made to adjacent territory*— Clearwater Lake, Quill Lake, Lake Despair, 
etc. Completing the work here on July 13, camp was removed to near 
the mouth of La Vallee Creek where Messrs. Baillie and Stovell worked 
until July 27. After this they removed camp to near the town of Rainy 
River, completing field work on August 10. From the last camp trips 
were made along the Rainy River and on to Lake of the Woods as far 
as Sable Island. 
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THE MAMMALS OF WESTERN RAINY RIVER DISTRICT, 

ONTARIO 

For the most part, the record of occurrence for the various forms of 
mammals tabulated in the followinj^ list is based on the Museum’s 
collection made in 1929. A number of forms, however, particularly the 
fur-bearers and larger mammals, are included on evidence other than 
collected specimens. 

In some of the taxonomic revisions of North American mammals 
the Ontario ranges of indigenous forms have been circumscribed on the 
basis of specimens examined, but even in the more recent literature the 
inadequacy of local collections from our province has left many details 
yet to be worked out. Inaccuracies of provisional conclusions become 
apparent as specimens from a wider field arc stTured, and a reinter- 
pretation of the forms to be recognized and a restatement of the ranges 
they occupy in Ontario will eventually be necessary. It seems advisable 
here to allow final racial determinations to rest but in some cases 
differentiation is discussed briefly. For the purpose of this local list 
specific identity is sufficient. 

In the following list, the linear measurements given for specimens 
collected arc in millimetres, and the weight in grams. The total length 
is indicated by L., tail vertebrae by T., the hind foot by H.F. and the 
weight by Wt, 

Gondylura cristata. Star-nosed Mole. — Mr. Douglas Mair, a 
farmer-naturalist near Emo, who was more especially familiar with 
animals in Scotland, informed us that he had caught, near Emo, a mole 
similar to the “old country mole” with a “sharp nose and big shovel 
fore-feet.” There is considerable doubt as to what this might have 
been, but Parascalops or Scalopus are both possibilities. There is no 
doubt, however, about a second animal which Mr. Mair and other 
residents described. They told us of the capture of several moles which 
possessed “a fringe on the nose.” Although we did not succeed in 
obtaining a specimen, Mair’s record can be accepted as representing 
Condylura without doubt. The species has been recorded for south- 
eastern Manitoba (Miller, 1924) and Lake Nipigon, Ontario (Dymond, 
1928). 

Sorex cinereus. Cinereous Shrew. — ^Specimens of this shrew 
from Rainy River do not exhibit any significant difference in size or 
colour when compared with specimens from the province at large. 
Dr. Jackson has examined the series and refers them to the form 
cinereus. Specimen No. 29.9.9.333 was found to possess supernumerary 
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teeth (one on each side of the maxilla), which are situated between the 
fourth incisor and the canine. 

Ten of the thirteen specimens preserved were secured in moist or 
wet situations well covered by plants, shrubs and trees but not a bog or 
muskeg association. Of the other three, two were taken in dry situations 
in a mixed forest and the third was secured on a high dry moss-covered 
rock in a balsam woods. 

A female taken July 20th contained six embryos. 

The average measurements of the thirteen specimens preserved are 
L. 96, T. 38, H.F. 11.5, Wt. 4.2. 

Sorez arcticus. Saddle-backed Shrew. — ^Although the Rainy 
River District falls within the border territory of 5. o. arcticus and 
S. a. laricorum as outlined by Jackson (1928) our series of specimens has 
since been examined by Dr. Jackson who refers them to the race 
arcticus. 

The tricolored pattern of this species is faintly apparent in all the 
specimens which are of course in summer coat. In comparing these 
specimens with representatives of S. futneus and 5. cinereus it has been 
noted that in addition to the cranial and size differences mentioned by 
Jackson, the upper surfaces of the feet of S. arcticus are distinctly more 
hairy than in either of the other species, a character which probably 
becomes more apparent in museum specimens, since the feet of both 
5. cinereus and S. futneus are much paler when dry and therefore reveal 
their nakedness as compared with S. arcticus. 

Like S. cinereus, this shrew was taken in moist situations in Rainy 
River District, usually bogs but there is some overlapping of habitat 
of the two species. Seven of the ten specimens preserved were definitely 
associated with bog or muskeg condition. The other three were secured 
in characteristic cinereus habitat, namely on moist or wet ground 
beneath alders etc. 

The average measurements of the ten specimens are, L. 110., T. 
41.5, H.F. 14, Wt. 7. 

Microsorez hoyi. Pigmv Shrew. — ^Two specimens of this idirew 
were secured, one from beneath willows and black ash bordering a low 
section of the shore of Off Lake and the other from under birch saplings 
bordering a black spruce bog. A point of interest in connection with 
one specimen is that it was caught during the daytime. 

^he Rainy River area falls between the ranges of the two races 
hoyi and intervectus, according to Jackson’s map (1928) but the two 
specimens have been since examined by Dr. Jacksm, who refers them to 
the more northern form, intervectus. 
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The average measurements for the two specimens are L. 93.6, T. 33, 
H.F. 10.6, Wt. 4. 

Biarina brevicauda. Mole Shrew. — No opportunity was afforded 
to compare the Rainy River specimens of this species with adequate 
material from the Mississippi valley but no significant difference has 
been found when compared with specimens taken at various places in 
Ontario. The specimens have been examined by Dr. Jackson who 
accepts the form talpaides and so names the Rainy River material. 
Undoubtedly they are like siiecimens from the type locality of that 
form which is between Toronto and Lake Simeoe. 

All of the specimens were secured in dry situations but where water, 
standing or running, had been present earlier in the year. Dense over- 
growth characterized the immediate habitat where the specimens were 
secured, either poplar or mixed woods. 

The average measurements of the five specimens, ail of which appear 
to be fully adult, are, L. 116.5, T. 23.5, H.F. 15, Wt. 18.7. 

Myotis lucifugus. Little Brown Bat. — During the second week 
of July at our camp at Off Lake small bats were seen on several evenings. 
Although three or four were shot, we were successful in recovering only 
one specimen. This proved to be a female cjf the Little Brown Bat, 
Myotis lucifugus lucifugus. The measurements of this specimen are as 
follows; L. 93, T. 39, H.F. 10, W.S. 269, height of tragus 6, Wt. 8.5. 

Lepus americanus. Varying Hare. — During the summer of our 
visit to western Rainy River District (1929) the Varying Hare was 
scarce and only two specimens were secured. A total of only nine 
individuals w’as observed during the entire summer. Residents in- 
formed us that the hare died off in the district between the winters of 
1925-26 and 1927-28. The adult specimen secured was heavily infested 
with ticks about the head, and five cysts were found, four intermuscular 
on the hips and the hind limbs, and one attached to the intestine in the 
pelvic region. 

Although the form phaeonotus has been attributed to this part of 
Ontario (Nelson, 1909), the material at hand does not confirm this. 
The general characters of this race were described as: “size of typical 
americanus, but in summer paler and more buffy". In comparing the 
one adult specimen from western Rainy River District with summer 
specimens from various northerly stations in Ontario, it might be said 
to differ from them in being darker and less buffy than the average. 
In size it is similar. The great individual variation of the American 
Hare in summer appears to make it impossible to classify the Rainy 
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River specimen racially. More material, taken in both winter and 
summer from this area is very desirable. 

The measurements of the adult secured are: L. 430, T. 31, H.F. 
132, Wt. (poor physical condition), 1346. 

Lepus townsendil. White-tailed Jack Rabbit. — Residents of 
the town of Rainy River informed our party working there that 
enormous ‘'Jack Rabbits’* occurred in large numbers on Sable Island, 
ten miles north of the town, off the mouth of the Rainy River in Lake 
of the Woods. The island is composed of sandy soil, and though un- 
forested, it has a considerable growth of low scrub. Messrs. Baillie 
and Stovell visited this area on Aug. 8 but did not see any of the animals. 
The lighthouse keeper there informed them that “wolves” visited the 
island the previous winter and thinned them out. Substantiating 
specimens from the area are particularly desirable, and would constitute 
the first from the province. 

Marmota monax* Woodchuck. — Not uncommon in farming 
districts and fairly common in the bordering lake country to the north 
and east. 

The skull of a young Woodchuck taken at Emo in October, 1931, 
and forwarded to the Museum by Edgar Sullivan is a notable example of 
abnormal incisor growth. The upper incisors have decurved in their 
growth until the tips have reached the roof of the mouth, in fact, one 
has entered the bony structure immediately forward of the first upper 
premolar. The lower incisors are approximately 40 millimetres long. 
They have grown in an arc which, in life, would have been not only 
distal to the upper incisor but external to the fleshy upper lips, terminat- 
ing well above the nostrils. The middle distal face of the curved upper 
incisors occlude on the basal lingual surface of lower ones. 

This animal was shot. It had managed to live on with a dental 
condition which prevented gnawing and which must have greatly 
interfered with mastication. 

Comparison of the Rainy River skin specimens, which are in summer 
coat, with comparable material from southern Ontario, Jlf. in, rufescens 
shows the former to be less reddish ventrally and the hair of this surface 
more grizzled. One specimen particularly is similar to an Iowa taken 
example of M, m, monax on the ventral surface but not at all like it 
dorsally. Compared with specimens from central and northern Ontario 
the Rainy River specimens are not as bright reddish ventrally and are 
darker dorsally. One, however, closely approaches a Groundhog from 
Lake Nipigon. Because of the lack of sufficient comparable adult 
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specimens from numerous sections of the province, it ih not expedient 
here to refer the Rainy River Groundhogs to a particular race. 

The measurements of the larger of the two specimens secured are: 
L. 558, T. 108, H.F. 76. The second specimen is apparently not mature, 
since it was non-breeding and measured L. 501, T. 102, H.F. 75, Wt. 
2220. 

Gitellus frankllni. Franklin’s Groi nd Sqi^irrel. - Early in 
our stay at the camp near Emo we made enquiries of residents as to the 
occurrence of ground squirrels in the region. We were told that, 
although they did not occur in that vicinity (which is more or less 
central to the region surveyed), they did occur to the west near the 
town of Rainy River. A camp in that region was a part of the summer’s 
programme. In due time the section was visited by Mr. Baillie and 
Mr. Stovell and a series of Franklin’s Ground Squirrels was secured. 
These constitute the first to be taken in the Province of Ontario. A 
sight observation of this species was made at Rainy River station prior 
to our visit to the area, and has been recorded by Green (1932). 

Apparently this animal is a fairly recent arrival in the district — 
certainly it was not present when the area was opened up for agriculture. 
Mr. Michael Byrns, a resident of Rainy River, first saw it in June, 1925. 
As further evidence of its recent arrival it can be said that it is rapidly 
spreading eastward over cultivated sections. It now occurs at Emo 
(1936), which indicates an advance of some twenty-five or thirty miles 
in seven years. 

A comparison of the Rainy River specimens with summer sficcimens 
from southern Saskatchewan (Indian Head and Dundurn) and Alberta 
(Dried Meat Lake) discloses some slight differences which, with more 
material at hand, may prove significant. The general dorsal colour of 
adults from Ontario is more greenish brown than is noted on summer 
adults from Saskatchewan and Alberta prairie. This general dorsal 
colour is .of course derived from the tawny olive bands on the hairs; the 
black bands and tips of the hair tend to increase the greenish effect and 
to darken the tone. The light bands on the Saskatchewan specimens 
are noticeably paler. Although immature specimens from both areas 
are more richly coloured than adults, the comparative differences as 
pointed out for adults prevail in this coat also. Material from southern 
Manitoba (Aweme) agrees more closely with the Ontario specimens. 

The average measurements of three fully adult females from Rainy 
River are; L. 367, T. 127.5, H.F. 61, Wt. 462. 

Eutamlas minimus. Western Chipmunk*— This chipmunk was 
seen regularly throughout the summer but it was not as common as the 
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next species. It occurred in both agricultural districts and the wilder 
lake country bordering that area. 

There seems little doubt that some refinement of our plotting of 
racial distribution of E. minimus is necessary, especially in the northern 
and eastern portions of its range. Adult specimens from Rainy River 
approach very closely comparable specimens (assumed E. m. borealis) 
from central Alberta (Camrose, Edmonton, etc.), south-central Sas- 
katchewan (Lake Katepwa, Craven and Prince Albert), and southern 
Manitoba (Aweme). They are, however, considerably darker than 
specimens from Qu’Appelie valley, Saskatchewan, which do not appear 
to be referable to borealis. Further, the Rainy River specimens differ 
from material taken at various stations eastward in Ontario in being 
somewhat less tawny and slightly paler on the crown. This appears 
to be more strikingly the case when comparisons are made with northern 
specimens (Lake Nipigon, Lake Abitibi and Smoky Falls). 

The average measurements of four female specimens which are adult 
are as follows: L. 210, T. 94, H.F. 33.5, Wt. 54. 

Tamias striatua. Eastern Chipmunk. — Conunon, somewhat 
more so than the smaller species and generally distributed throughout 
the area. Geographically the Rainy River specimens should represent 
the form griseus, which they probably do but, because of lack of material, 
it has not been possible to establish typical griseus in the province by 
comparisons. Certain variations in the Eastern Chipmunk over the 
province have been noticed by Mr. E. C. Cross, who has made pre- 
liminary studies on this animal from the northeastern part of its range. 
His observations, with which the writer is acquainted, dictate that it is 
inopportune to do more than specifically record the so-called Eastern 
Chipmunk from Rainy River. 

The average measurements of the adult specimens collected are as 
follows: L. (four specimens), 258.5, T. (four specimens) 102.6, H.F. 
(five specimens) 36, Wt. (five specimens) 102. 

Sciurus hudaonlcua. Red Squirrel. — Common and generally 
distributed during our visit to the region. 

Dr. R. M. Anderson has examined the specimens of red squirrels 
from Rainy River in connection with a broad survey of this species in 
Canada. In his opinion, the specimens are refmible to the northern 
form, 5. h. hudsonicus. 

It is of interest to note, however, that the average measurements 
of the aeries of adults are slightly larger than the average for adults from 
any other area in northern Ontario. This fact may ugnify an iqiproach 
toward the huge form, S. h. minnesota. Although seventeen qiecimens 
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were preserved, only eight were mature. The average measurements 
of these are; L. 307.5, T. 119.5, H.F. 47.5, Wt. 199. 

Sdurus caroUnensis. Grey Squirrel.— On June 2, a specimen 
of this species was secured from the border of a woodlot on the Thompson 
farm near Emo. This record was especially surprising to local residents, 
who had never before seen the grey squirrel in this section of the 
province. 

The specimen, a female in new summer coat, appears not to be an 
old individual, though certainly it is not a young of the year during 
which it was collected. It was not pregnant nor had it suckled young 
that year. The incisors however are heavy, approximating specimens 
known to be fully adult, and the general body measurements corre- 
spond well with sexually mature specimens. 

The grey phase of the Northern Grey Squirrel (5. c. leucoUs) is so 
variable in colour that it is difficult to select typical or average specimens 
for comparison. Further, there appears to be a colour and pattern 
difference between adults and immature specimens, a description of 
which has not been found in the literature. In the material examined, 
the known young (grey phase) specimens from southern Ontario have 
the white pattern of the ventral surface very restricted, the yellowish 
brown of the lateral areas encroaching on the belly and meeting anteriorly 
and posteriorly. Also, the lips and chin are dusky black. This in 
effect describes the Rainy River specimen and also describes in part one 
of the alleged characters of a western race of the species, 5. c, hypophaeus. 
Altogether, it seems impossible to classify, racially, the grey squirrel 
from Rainy River material at band. It seems probable that the 
specimen secured originated from stock inhabiting northwestern 
Minnesota. The distribution of the species is not continuous eastward 
to southern Ontario, north of the Great Lakes. Further, the novelty of 
the occurrence of the grey squirrel in Rainy River District suggests a 
recent arrival. 

The measurements of the specimen secured are: L. 468, T. 212, 
H.F. 66, Wt. 537. 

Glaucomyt ubrlnus* Northern Flying Squirrel.— Although 
we were not fortunate enough to obtain a specimen of the Flying 
Squirrel during our summer visit to the Rainy River District, an adult 
specimen was later forwarded to the museum from there by Mr. Edgar 
Sullivan. Reports indicate that this species is not uncommon there at 
least during some years, and that they are most in evidence in the 
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northern and eastern lake country in the trapping seasons, at which time 
they are attracted to baited traps set for fur bearers. 

The specimen in our collection, a male, is indistinguishable in colour 
and tone from comparable material from Ontario, north of Lake Superior. 
Also, the size and conformation of the skull is like specimens from that 
region. The measurements of the specimen are: L. 280, T. 126, H.F. 
37. On the basis of these comparisons, the single specimen is referred 
to the form sabrinus. 

Castor canadensis. Braver. — ^The beaver has disappeared from 
the settled portion of western Rainy River District. It is still taken by 
trappers in the border country but the trapper must go farther aheld 
for beaver catch as time goes on. We saw no beaver during our stay in 
the region. 

Peromyscus maniculatus. White-footed Mouse.— This species 
was common and generally distributed during the year of our visit to 
Rainy River District. No striking habitat choice was noted, beyond the 
fact that they occur in or near woods; dry situations or moist situations, 
dense cover or open woods, second growth or old forest-stands, all 
yielded a portion of the catch. 

Twenty -nine sexually mature specimens were preserved. About 
twenty-five per cent of these are obviously quite young. The remainder, 
vary in colour (as nearly as can be determined under the difficulties of 
hair-coat texture) from “wood brown” to “sayal brown” from their 
dorsal aspect. Darkening along the median line of the back is very 
slight. Immaturity does not account for the greyer specimens, judging 
by size, since the largest specimen in the series is of this type. It 
measured L. 190, T. 98, H.F. 22, Wt. 22. The range of variation as 
regards both size and colour of the Rainy River series embraces the 
range of characters ascribed to both of the forms gracilis and maniculatus. 

After making comparisons with series from throughout northern and 
central Ontario and noting the general variability of colour, size and 
proportions of northern representatives of this species, the writer has 
been unable satisfactorily to segregate, geographically, the two races 
supposedly involved. If both forms are valid, it would appear that their 
ranges overlap through most of the central and northern parts of the 
province. Rainy River included. Perhaps typical maniculatus which 
was described from “Moravian Settlements of Labrador” and further 
designated as occurring in the “Hudsonian Zone” is restricted to die far 
north. A comparison of skull material does not alter the confusion 
pointed out in connection with skin comparison. 

The average measurements of a number of fully mature specimens 
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from Rainy River are, L. (seventeen specimens) 178, T. (eighteen 
specimens) 86, H.F. (seventeen specimens) 20.5, Wt. (nineteen specimens) 


22 . 


Synaptomys cooperi. Cooper’s Lemming MousE.—Specimens 
of this mouse were taken rather regularly but not commonly during the 
summer of 1929. Damp situations with moss, showing holes and run- 
ways, yielded the majority of the individuals but it is apparent that 
typical bog conditions are not essential to the species. 

A sub-adult female taken on July 11 contained five embryos. One 
young male was carrying pieces of grass in its mouth when collected on 
July 17, and another, also a young male, was carrying moss when 
collected on July 30. 

The occurrence of this species at Rainy River is a considerable 
extension of its known range westward from Lake Superior region. 

Comparison of the series of skull and skin specimens indicates that 
the form represented is probably S. c, cooperi. The series is, on the 
whole, slightly paler than a series from central Ontario. 

Seven of the nine specimens in the collection may be classified as 
sexually mature but only three are fully adult in size. The average 
measurements of these are, L. 112.6, T. 18.6, H.F. 18, Wt. 23.2. 

Clethrionomys Jtapperi. Red-backed Mouse. — The Red-backed 
Mouse was very common during our visit to Rainy River and a satis- 
factory series of specimens was secured. Although this mouse inhabited 
the heavier woods, suitable situations are still to be found in cultivated 
sections. 

During the mid-forenoon on June 22, the writer observed a Red- 
backed Mouse transporting some material into a hole in the crest of a 
low rotten stump. The animal was watched while it made seven return 
trips over a distance approximately thirty-five feet. It traversed this 
distance in approximately 8 to 10 seconds. The course of the mouse 
was almost exactly the same for each trip. In going to the hole, its 
cheeks bulged with some material, either food for storage or fibre for a 
nest. It used the top of two horizontal logs as a right-of-way for most 
of the way when going to the hole but on the outward foraging journey 
it utilized a six-foot crevice or split in the log as a tunnel. When in 
motion it was particularly noticeable that the tail was bowed upward 
in a jaunty manner. Brief observations of this species were made 
several times during daylight hours. 

The series of specimens of this mouse present certain points of 
interest. In comparison with the typical form, gapperi, from southern 
Ontario, the Rainy River specimens are notably smaller and rather 
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markedly more silvery grey in general aspect of the ventral surface. 
Dorsally they are very similar to typical gapperi. The chestnut colour 
of the back is like that of the typical form in tone and also the lateral 
region of most specimens is slightly washed with buffy brown. It 
would appear that the Rainy River specimens approach the form C. g. 
loringi. Individual specimens from the ^ries might be so called without 
hesitation. 

This type of Red-backed Mouse with silver grey belly can be traced 
eastward through the Lake Superior region. To the northeast, at Lake 
Abitibi, however, it has been noted that this animal becomes pro- 
nouncedly washed with buffy yellow on the ventral surface. It appears 
possible that in the northeast the species may merge with the form 
described specifically as E. ungava Bailey (—C. ungava). Like many 
of the small mammals in Ontario further general revision is necessary. 

The smallest female secured, which was pregnant, measured as 
follows: L. 134, T. 35, H.F. 18, Wt. 29. Four embryos, approximately 
half way through the gestation period, were noted. This specimen was 
taken on July 1. Other observations of numbers of embryos concerned 
more fully mature specimens. They were as follows: June 3, six 
embryos; July 2, five embryos; July 3, five embryos; July 4, eight 
embryos. 

The average measurements of twenty-four adults are: L. 138.5, 
T. 36, H.F. 18, Wt. 30.8. The largest specimen, a pregnant female, 
was L. 153, T. 42, H.F. 18, Wt. 46. 

Microtus petmsylvanlcus. Meadow Mouse. — ^This mouse was 
taken commonly at all camps and on many trap lines. Although moist 
ground beneath alders and grassy treeless fiats appeared to be favoured 
habitats, dry and wooded situations were occupied to a lesser extent, 
perhaps as marginal habitat during a period of great numbers. Many 
situations revealed a maze of runways of this mouse. It was while 
inspecting a runway beneath the side of a log in a brushy clearing that 
the writer witnessed a fierce combat between two of these mice. Two 
animals happened to meet in a runway at a point almost at my feet. 
They immediately clashed. Though the fight lasted but a few seconda, 
they rolled over and over on the ground and their squeaks seemed to 
testify the viciousness of the struggle. 

Dissection of a female collected on June 27th disclosed seven fully- 
formed embryos. 

It will be noted from the figures given below tliat the UicroHu of 
this region averages rather small in most measurements. Many of the 
mature specimens tend in dorsal colour toward a yellow brown, peppered 
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of course with black hairs. The yellowish colour is particularly notice- 
able on the side of the nose and face. At least two specimens have a 
more reddish ground colour of the dorsal coat, tending toward cinnamon 
brown. Some specimens seem indistinguishable in colour from Microtus 
pennsylvanicus from southern Ontario. 

Examination of the skulls shows that those of most mature spt'cimens 
are ridged, some pronouncedly so. None of the adult skulls is much 
arched and they tend to be ^'flat-topped’' in comparison with specimens 
from southern Ontario. Comparison of skulls of specimens of approxi- 
mately equal gross size from Rainy River and southern Ontario shows 
that the skulls of Rainy River Microtus are relatively smaller. 

Although most of the Microtus si)ecimens from Rainy River are 
identifiable as Jlf. drummondi^ individual sjxjcimens suggest a close 
approach to M. p. pennsylvanicus. It is suggested that the Rainy 
River series of specimens indicates that pennsylvanicus and drummondi 
are conspecific. 

One specimen secured was found to possess a curious dental pattern 
which is of interest. It is a young animal measuring, L. 140, T. 42, 
H.F. 20, Wt. 24. The second upper molar does not possess the posterior 
loop characteristic of the group to which it belongs within the subgenus 
Microtus. It shows a very similar pattern on this molar to that found 
in Microtus chrotorrhinus. Close inspection, however, discloses evidence 
that a loop might have developed with the growth and erosion of the 
molar. The other dental characteristics of this individual, however, 
are like those of pennsylvanicus or drummondi. 

Of the forty-three specimens preserved, twenty-three can safely be 
regarded as adults. The average measurements of these are: L. 169, 
T. 43, H.F. 19, Wt. 43,9. The largest specimen a female, measured, 
L. 180, T. 66, H.F. 20, Wt, 62. The skull length of this individual, is 
26.5 and the zygomatic breadth is 16. 

Ondatra zibethlca. Muskrat. — ^Although the Muskrat was ob- 
served by us a few times, it was not particularly numerous about any 
of our camps or trapping stations. It is generally regarded as not 
having been plentiful for many years: it is trapped regularly for fur 
throughout the region. Skull specimens only were secured by us. 

Rattue norvelticua. House Rat. — ^The rat population of the 
Rainy River District is largely confined to the vicinity of habitations 
flanking the river to the south. In the central region near Emo it 
occurs about farms, penetrating several miles northward. We were 
informed by residents near Emo that rats were unknown in the region 
five years previous to our visit in 1929. The point of greatest interest 
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in connection with this animal is that the normal brown phase is (or 
was in 1929) outnumbered by representatives of a black phase. Our 
collection of ten specimens, secured without apparent selection, contains 
eight of the black phase, one normal brown and one brown-and-white. 
Recent reports from the region (1936) stated that “black rats” were 
still common there and that white ones occasionally occur. 

Mus musculus. House Mouse. — common inhabitant of settled 
districts. No date of first occurrence was secured but this species found 
its way into the region at a considerably earlier period than did the 
house rat. 

Zapus hudaonius. Meadow Jumping Mouse. — ^This species was 
not common during the year of our visit to the region. The writer is 
unable to detect any significant colour, tone, or pattern differences 
between the specimens from Rainy River and examples of Z. h. hudsonius. 
Dr. R. M. Anderson, who has examined this material in connection with 
his studies, agrees with this determination. The average measurements 
of the three adults secured are: L. 205.5, T. 121.5, H.F. 29.5, Wt. 14.5. 

Napaeoxapus inalgnia. Woodland Jumping Mouse. — ^We were 
able to obtain only one specimen of this species during the summer’s 
trapping. This specimen was secured in a rather unusual situation, 
namely a farmhouse. Comparison of the skin with material from 
Ontario generally, shows it to be similar to the jumping mouse from the 
north shore of Lake Superior. The measurements given below indicate 
that the specimen, a female, represents a large form: L. 236, T. 160, 
H.F. 32. 

Erethizon doreatum. Porcupine. — ^Seen occasionally and, ac- 
cording to reports of local residents, it is not uncommon in the region. 
Twice in June porcupines were observed in, or crossing, open fields. 
One was seen to make his way to a woods some three hundred yards 
distant. We were told by a local resident that porcupines sometimes 
raid chicken roosts, but we were not able to verify such behaviour. 
An albino specimen taken on Manitou Island, Rainy Lake, was captive 
in the Toronto Zoo. The measurements of a specimen collected are: 
L. 631, T. 160, H.F. 93, Wt. 4726. 

Vulpes fwlva. Red Fox. — ^Although we secured no first hand 
evidence of the occurrence of this species in the summer of 1929, trappers 
stated that it is one of the staple fur-bearers of the region. Apparently 
the 1929 period was not one of great abundance of the Red Fox. 

Gani* latrane. Brush Wolf. — A farmer (Mr. Wilson) near Emo 
informed us that he moved to the region in 1890, and early learned to 



Faunal Investigation of Western Rainy River 


177 


know the '‘coyote**. At that time there were only a few small clearings 
along the Rainy River and there were no roads. “Coyotes’* were the 
animals which gave him trouble in raising sheep, rather than timber 
wolves. 

During our camp at Off Lake, we heard “wolves** which we assumed 
to be Brush Wolves. Judging by the information we secured in the 
field, these animals were not markedly numerous during the time of our 
visit. The last period of local abundance was in 1926 according to 
reports. A young female st>ecimen taken near North Branch in Sifton 
Township on Oct. 20, 1930, the skull of which is in the R.O.M.Z. 
collection, measured 43^ inches in length and the tail 13i inches. 

Canis lycaon. Timber Wolf.- -This animal is generally considered 
to be scarce in the Rainy River region. We were told that the Timber 
Wolf was more common to the south, in Minnesota. Mr. Albert Hanson 
informed us that these animals mate in February. He dug out a den 
containing four pups only a few days old on Apr. 27, 1929. Other dens 
he has seen have contained from two to eight pups. Dens are usually 
located on ridges of sandy soil. 

Procyon lotor. Raccoon. — Residents who have lived in the district 
for many years reported that on two or three occasions, Raccoons have 
been trapped. All agree that it is a rare animal in this region. 

Ursus amerlcanus. Black and Cinnamon Bear. — Several 
residents informed us that the cinnamon variety of the Black Bear 
occurs occasionally in the region. A partial pelt of a cinnamon Bear 
shot September 24, 1936 at Hut Lake, Rainy River District, was re- 
cently presented to the Museum by Dr. H. M. Bowen. Although the 
locality is somewhat removed from the area with which we are here 
concerned, the specimen fortifies the general statement made above 
and incidentally, it apparently represents the first preserved material 
evidence that this colour variety occurs within the province. Trappers 
state that Black Bears are common in the region during certain years. 
We saw -signs of these animals during the summer of 1929 and they were 
reported to be common that year, 

Martes americana. Marten. — Mr. Albert Hanson, who traps in 
the Lake Despair region, secures Marten fairly regularly on his trap- 
line. Marten are not to be expected in the vicinity of settlements but 
occur in the hinterland to the north, 

Martes pennantL Fisher. — ^This is another important but none 
too plentiful fur-bearer of the region. Its occurrence is to be expected 
only in the wilder parts. 
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Muatela cicognanii. Bonaparte Weasel.— The ntunber of 
weasels taken by trappers in the region varies from one period to another. 
We secured only skull specimens. A desiccated carcass of a weasel in 
winter coat, found during the summer, was measured but could not be 
sexed. Applying the questionable determination index of tail length 
and the relative amount of terminal black hair on the tail, this animal 
was regarded as representing the short-tailed form, M. e. cicognanii 
Bonaparte. 

Mustela vison. Mink. — A regularly taken fur-bearer of the region, 
according to trappers. It was apfiarently not numerous during the 
summer of 1929, since we did not meet with it in any section visited. 
Reports indicated that 1927 was the last year of plentiful numbers. 

Gulo luactts. Wolverine. — The inclusion of this animal in the 
list is based entirely on historic grounds, since trappers do not now 
secure or find trace of this animal. One resident recalled to us the 
capture of a specimen, apparently many years ago. 

Lutra canadensis. Otter. — ^This animal is regarded as very 
scarce in the region here concerned, but it occurs occasionally. 

Mephitis mephitis. Skunk. — A generally distributed and, 
periodically, a common mammal of the region. We secured three 
specimens during the summer of 1929. One had lost the terminal 
portion of its tail, but the other two are complete for study. The 
dorsal stripes on one of the specimens is quite narrow and discontinuous 
posteriorly. The other two are marked with pronounced and con- 
tinuous dorsal stripes. In comparing these specimens with skunks from 
eastern and southern Ontario, the tails are noticeably thicker, with the 
broad ends black to the tip (in the two undamaged specimens). These 
characters, combined with the large size of the specimens, fulfil the 
characters of the plains race, M. m. hudsonica. The measurements of 
the undamaged male specimen are: L. 660, T. 216, H.F. 76, and those 
for the female are: L. 603, T. 206, H.F. 73. 

Taxidea taxua. Badger. — Mr. R. G. Dungey and Mr. D. R. 
Wilson informed us that a Badger was taken north of Emo in Carpenter 
Township a few years prior to our visit. Both of these men had seen 
the animal when captured, and they recalled that the pelt was marketed 
as fur by the trapper, netting him only sixty cents, since it was not 
prime. Mr. Dungey was very familiar with badgers, having lived on 
the prairie for six years, where he had shot many of them. 

A second animal was trapped by Mr. Albert Kartino at "Crow Lake" 
[Kakagi] on the border of the g^eral region here concerned in the early 
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fall of 1926, and a third specimen was taken at the same place in the 
early fall of 1927. We could not ascertain that the species had been long 
established in the region, though this is entirely possible. It seems likely 
that conditions in the western portion of Rainy River District are now 
more inviting to this prairie dweller than they would have been in 
earlier times. 

Lynx canadensis. Canada Lynx. — ^We were informed that this 
Bp>ecie8 is never numerous in the region but that it is taken sporadically 
in the wilder hinterland by trappers. 

Lynx nifus. Bobcat. — Mr. Douglas Mair, a local resident who is 
greatly interested in natural history, informed us that in the early 
winter of 1928, he trapped a peculiar cat, a description of which is here 
extracted from my notes made as he described the animal: “It was 
small, dapple spotted below, grey above, hair-pencilled ears, tail about 
nine or ten inches long with black rings about it.” There would appear 
to be little doubt as to the identity of the animal from this description. 

Odocolleus viiflnianus. White-tailed Deer. — ^This Deer was 
seen by us fairly regularly during the summer of 1929 and, curiously 
enough, it was met with more often in the cultivated sections visited 
than in the wilder lake country to the north. Farm fences are certainly 
not an impediment to their movements. A number of skulls and antlers 
of specimens about farms and camps were examined in an attempt to 
discover evidence of the occurrence of the so-called “Jumping Deer”, 
Odocoileus virguUui (Hallock) which is generally recognized from 
Minnesota and Manitoba and which may appear in this section of 
Ontario. We were not successful in establishing a record and we did 
not meet with any one who recognized two deer in this region, but this 
does not close the question. 

The white-tailed deer was first seen in the Rainy River country by 
Mr. Fisher, a resident there since 1890, in 1897. Other residents gave 
the same, or approximately the same, date for the arrival of this animal. 
It is said that they came in from Minnesota, after the land was partially 
clearecl in the Rainy River District. 

Alces americana. Moose. — Common in the region as a whole, and 
observed by us in both the settled and wilder sections. Residents told 
us that moose found in the settled southern Rainy River District were 
animals that had crossed the river from Minnesota. This seems entirely 
probable, unce extensive wilderness areas are close at hand on the 
Minnesota side. The horn growth of a bull observed on June 11 had 
attained about one foot in length. Mr. Fisher informed us that the 
moose was present in the r^pon when he moved there in 1890. 
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Ranftlfer caribou. Woodland Caribou. — ^The last caribou to be 
seen in the southern part of the region here considered according to 
Mr. J. Thompson Sr., a local resident, was in 1894. A more recent record 
was reported by Mr. R. G. Dungey, who stated that one was shot by 
Mr. W. R. Cooper about 1911 northeast of Emo on the town line, 
between Carpenter and Burriss townships. Mr. P. G. Byrns reported 
that the last to be seen at the south end of Lake of the Woods, in Spohn 
Township, was in 1916. The species is now scarcely to be expected in 
the region here considered. 
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THE SUMMER BIRDS OF WESTERN RAINY RIVER 
DISTRICT, ONTARIO 

The following annotated list is based largely on a collection of 326 
skins (and a few other specimens) representing 107 species and the field 
notes made during June, July and early August of 1929. The richness 
of the summer avifauna of this region is revealed by the total of 138 
species here treated, out of which less than ten would not be expected 
to breed in the region, at least occasionally. Most of the species in- 
cluded in the list are based on specimens collected but some are 
admitted on sight records or other evidence deemed satisfactory. The 
text in each case will indicate the basis for inclusion. 

It has been evident as this collection was studied that it was not 
feasible to give more than a tentative opinion as to the racial identity 
of several forms occupying the region. Specimens from all over the 
province and contiguous areas, to say nothing of topotypic material are 
often essential and lacking for comparisons. It seemed best in making 
this report, to regard it primarily as a contribution to our knowledge of 
the distribution of species in the province and to consider the collection 
as another stepping-stone toward a more complete basis for eventual 
study of racial variation in northeastern North America. It has been 
fitting therefore to use specific nomenclature. In this we have followed 
Mr. P. A, Taverner (“Birds of Canada”) who had provided a useful, and 
apparently the only available, system of species names in English. The 
systematic order is that of the 1931 edition of the A.O.U. Check-list of 
North American Birds. 

Gavia Immer. Common Loon. — ^The Loon was observed regularly 
during our work in the lake country from our Off Lake camp. Several 
attempts were made to secure specimens from this region for racial 
study but without success. It was discovered that the curiosity of 
these birds can be excited by an observer, himself concealed, waving a 
handkerchief tied on a stick. Although loons were thus brought 
approximately within collecting range, either they were too cautious to 
come sufficiently close, or the collector, under stress of the occasion, 
misjudged the distance and the birds escaped. Loons were noted rarely at 
other camps. A pair flew over the farmland at Emo on June 3, three 
were seen on a small bog lake near camp at Big Fork and one observation 
of the species was made on Lake of the Woods from our Rainy River 
camp. We secured no breeding evidence but local observers informed 
us that they nest on several of the lakes in the region and Macoun 
(1900) recorded a Loon’s nest from Crow [Kakagi] Lake which is just 
beyond the northern border of the area considered in our survey. 
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Cotymbus itriseilMift. Rbd-necked Grebe. — Although we did 
not observe this species during the summer of 1929, a breeding record 
from Lake of the Woods has been published by Baillie and Harrington 
(1936). This record concerns a set of four e^s taken June 4, 1904 and 
now in the Museum’s collection. The species is therefore, hypothetically, 
a bird of western Rainy River region. 

Podllymbus podicepa. Pied-billed Grebe. — ^The Pied-billed 
Grebe was not certainly identified until well on in the summer when 
Mr. Baillie found it on La Vallee Creek. Suitable waters for this 
species, in the sections we were able to visit, were relatively few. 

Phalacrocorax auritus. Double-crested Cormorant.— This 
species was not met with until August 8, when Mr. Baillie vinted Sable 
Island in Lake of the Woods, off the mouth of Rainy River. Four 
birds were noted about fishermen’s pound nets off shore and six carcasses 
of dead birds, probably caught and discarded by the fishermen, were 
found to have drifted ashore. Lewis (1029) lists two references which 
establish the fact that this species breeds on Lake of the Woods. 

Ardea herodiaa. Great Blue Heron. — From one to four 
individuals were seen daily during our stay at Off Lake camp. The 
species was also noted near camp at Rainy River but not regularly. 
Several local residents of Emo told us of a nesting colony on an island 
in Kaiarskons Lake: eight or ten occupied nests were found there, on 
May 27, 1929, in standing dead trees. 

Botaunis lentiginomis. American Bittern. — Rarely met with 
and then only near our Emo and Rainy River camps. Mr. Douglas 
Mair told us of having found a nest of this species near Emo during the 
early summer of 1928. 

Anas platyrhynchos. Mallard Duck. — A few Mallards were 
found inhabiting the grassy margins of Brennen’s Creek and the quiet 
bay at its mouth on Off Lake in July. It undoubtedly bred in this 
vicinity since a flightless juvenile was secured there. The species was 
also found on a small lake near Big Fork and noted from camp near the 
mouth of La Vallee River. 

Juv. (incomplete), July 4, OS Lake. 2 Imm. 9 9 July 21, Big Fork. 

Nettion carollnense. Grebn-winqbd Teal. — Mr. Baillie first 
discovered this species on July 19 on the Canadian side of the Rainy 
River opposite the mouth of Little Fork River. On the following day 
he was successful in securing a specimen which proved its breeding 
status locally. The two young Inrds secured represent two transitional 
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stages betweed the downy and first winter plumages. This is one of the 
few established records of the breeding of this teal in Ontario and the 
first proved by specimen evidence. However, the summer’s observations 
indicated that this species is a comparatively scarce summer duck of 
the region. 

9 July 19, Big Fork. 2 Juv. 9 9 July 20, Big Fork. 

Querquedula discors. Blue-winged Teal. — On July 23, at Big 
Fork, Mr. Baillie saw a small duck with a brood of six or seven young 
which were too far away to be positively identified but his opinion was 
that they were Blue-winged Teal. Since the species is known to occur 
.sparingly in contiguous areas (Baillie and Harrington, 1936-1937), it is 
included here hypothetically. 

Glauclonetta clangula. Common Goi.oen-bye. — ^This duck was 
noted only about the lakes of the border country north of cultivation. 
Although it was not particularly plentiful it was noted fairly regularly. 
Broods of downy young with parent females were noted repeatedly at 
Off Lake from July 3 to the end of our stay there. 

Juv. (f July 11, Off Lake. 

Lophodytes cucullatus. Hooded Merganser.— Met with only 
once during the summer, at Off Lake, July 3. A half-grown flightless 
young secured, substantiates the breeding status of the species. A 
second specimen collected on July 3, a young male entering its second 
year, is in the first winter plumage. 

Juv. July 3, Off Lake. Imm. cf July 3, Off Lake. 

Cathartea aura. Turkey Vulture.— About the middle of July, 
1929, a specimen of this species was taken alive on the shores of Rainy 
Lake. Mr. Ronald Nichols, a local resident who saw the bird which 
was held captive for some time, described it unmistakably to Mr. Baillie. 
The occurrence of this species in contiguous area (Lake of the Woods), 
is of special significance in recording the species for Rainy River 
(Baillie and Harrington, 1936). 

Acciplter atriatus. Sharf-shinned Hawk. — ^An uncommon sum- 
mer resident in 1929 but observed near camp north of Emo and near 
Big Fork to the southeast. 

Acdpiter cooper!. Cooper’s Hawk. — Somewhat more common 
than the last species; observed near Emo, at Off Lake and at Rainy 
River. Althou^ the young specimen collected is a fully developed 
bird out of the nest and was taken on August 5, all facts relative to it 
suggest that it was reared locally. Apparently the same individual 
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had been seen, in the immediate vicinity where it was collected, 
previously and also an adult was located there. 

On July 11, during mid-forenoon, near our Oif Lake camp, the 
writer was attracted by the alarm notes of several species of small birds 
including Least Flycatchers, Red-eyed Vireos, a Kingbird and a White- 
throated Sparrow. A Cooper’s Hawk was then discovered under the 
bushy top of a fallen tree near at hand. Though watched for a moment 
or so it was not aware of my presence. By an occasional awkward 
jump the bird appeared to be reconnoitering the ground in search of 
prey. Sul)sequent stomach analysis showed that it had recently fed 
on a Hermit Thrush but its behaviour certainly indicated that a young 
bird discovered on the ground would also have been added to its fare. 
This method of hunting, if such was the case, is not, of course, usual. 
cT July 11, Of! Lake. Imm. 9 Aug. 5, Rainy River. 

Buteo borealis. Red-tailed Hawk.- A pair of these hawks was 
established near our camp north of Emo and one, or both were noted 
almost daily. The species was seen occasionally during our stay at 
Off Lake and near camp at Rainy River. The one immature specimen 
secured on July 31, is a young of the year in a fresh plumage without 
adhering down. In all probability it represents a locally reared bird. 
The date of collecting is several weeks in advance of the time when the 
first southward movement of red-tails would be expected in this region. 
The specimen exhibits a slightly more extensive amount of terminal 
white on the inner webs of the wing coverts and scapulars than does the 
average juvenile red-tail from eastern Ontario in the Royal Ontario 
Museum of Zoology collection. The tail has nine rather narrow ex- 
posed transverse bars and is considerably suffused with rusty red. The 
“flags’* are but slightly marked. The bird appears most properly 
regarded as representing the eastern form borealis. 

A nest found near Devlin on April 10, 1926, by Alfred Levridge has 
been reported to us. 

Imm. 9 July 31, Rsiny River. 

Buteo platyptenis. Broad-winged Hawk.— Next to the Marsh 
Hawk this species was the most common and regularly observed hawk 
of the region. It was noted at all camps and a nest was found on June 
14 near Emo above which an adult bird circled anxiously. Alfred 
Levridge of Devlin reports that he has found the species breeding in 
his locality. 

& June 13, Emo. 

Haliaeetus leucocephalus. Bald Eagle.— 'Although residents 
told us that “eagles** had been seen in the region in summer there was 
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little certainty as to the species concerned. We did not note this eagle 
during 1929. However, the species is included here, hypothetically, on 
the basis of a non-summer record reported by B. W. Cartwright in his 
regular newspaper article in the ‘'Winnipeg Tribune.** He states that, 
“An adult Bald Eagle taken about March 6 (1932) at Emo, Ontario has 
been sent into the Western Taxidermists for preservation.** 

[Since writing the above M r. Edgar Sullivan has informed me of a 
nest with young which he found on the shore of Clearwater Lake in 
1936.] 

Circus hudsonlus. Marsh Hawk. — A common hawk observed 
regularly in the farmland region about Emo. As many as eight were 
seen on one day, June 26, but this was after young were on the wing. 
The first young of the year were noted on June 21. We did not note 
the species during our stay in the lake country, but it was recorded 
regularly again at our camps at Big Fork and at Rainy River. 

Pandion haliaetus. Osprey. — ^As might be expiected this species 
was not encountered until we visited the lake country. A pair was 
established somewhere in the vicinity of Off Lake or Clearwater Lake 
and we saw or heard one or both birds fairly regularly. 

Falco sparverius. American Sparrow Hawk. — Observed at all 
camps, not commonly but regularly. An occupied nesting hole was 
found near Emo but no opportunity for further examination was 
afforded. Alfred Levridge of Devlin informs us that he has found this 
species nesting locally. 

9 June 10, Emo. 9 Aug. 5, Rainy River. 

Canachites canadensis. Spruce Grouse.— Although we did not 
observe this species in 1929 it is known to local hunters and trappers. 
Apparently it is never common, though its numbers vary from time to 
time. Among our miscellaneous records of birds at the Museum from 
correspondence and questionnaires there is a specific record of the 
Spruce Grouse seen north of Barwick in 1927 by Gustav Both. 

Bonasa umbellus. Ruffed Grouse. — ^According to reports the 
last period during which grouse died off in the western Rainy River 
District was 1924. There had been a fair replacement by the summer 
of 1929 when we visited the area though grouse were not at all common. 
Fairly large family groups were seen during July. Males were heard 
drumming until near the end of June. 

One day the writer stalked a male grouse which was stationed on 
a mossy stump in heavy woods. An approach was made to within 



186 


Txansactions or the Royal Canadian Institute 


fifteen feet of the bird by moving cautiously forward only when it 
drummed. Apart from the fascination in the performance as such, 
two impressions were gathered. First, that the sound produced by the 
drumming bird did not become distinctly louder as one approached more 
closely. It was easier to estimate the direction of the bird than it was 
the distance to it. Second, it appeared that the bird was somewhat 
oblivious to my approach during the brief period of drumming. It 
would seem that the drumming habit would be a great aid to certain 
predators (a Goshawk for example) if they were capable of making use 
of it. 


2 cf'c? 
Juv. 9 
9 


' 'ua« 14, Emo. 
uly 4, Off Lake. 
July 10, Off Uke. 


9 July 18, Big Fork. 
Juv. 9 July 18, Big Fork. 


Pedloecetes phMlaiieUus. Shakp-tailbd Grouse. — Mr. Wilson, 
a farmer near Emo, settled in that area in 1890 at which time there were 
only a few small clearings along the river. He informed us that Sharp* 
tailed Grouse (known locally as the prairie chicken) were generally 
more common then than now. There were no roads or railways at 
that time. 

During the period of our visit to the region this species was far from 
plentiful. It was seen on two occasions, once near Emo and once at 
Aylesworth. Much open country and muskeg was reconnoitered in 
search of this species but it was found only adjacent to farmlands where 
scattered trees, clumps and thickets of saplings and shrubs, fallen 
trunks and brush, broke an otherwise open landscape. Subsequent 
inquiry reveals that this species reached a point of large numbers during 
the period of 1932-34. Dying off occurred in 1934-36. 

A young bird collected has a wing measurement of 86 mm. and was 
capable of at least a 50 yard flight. A partial set of eggs (5), collected 
on June 9, 1929, near Emo, by Douglas Mair, is in the Museum's 
collection. ' 

The Sharp-tailed Grouse of this region represent the diaracteristic 
“brown” type of bird for which the name campisyMcola has been 
proposed (Snyder, 1935). 

Juv. 9 June 24, Emo. Juv. t? June 24, Emo. 

9 June 24, Emo. 

Ponana carotina. Sora Rail. — ^This rail was noted fairly 
regularly while we were stationed at Off Lake. Mr. A. R. Van, who 
was with the Museum party during this period of the summer, was 
able to obtain a moving picture of the Sora while it was constructing 
its nest. The species was also found breeding near Emo. On June 
21, a Sora was flushed from her nest (containing eight eggs) ntuated in a 



Faunal Investigation of Western Rainy River 


187 


small clump of cat-tails in a wet muskeg area. The bird instantane- 
ously dived beneath the water and disappeared. A visit to the nest made 
after the lapse of twenty minutes or so, caused the bird to flush again 
but this time the rail flew from the nest for a distance of about three 
feet after which it skulked for cover. 

9 June 21, Emo. 

Charadiiiis melodus. Piping Plover.— Two female specimens 
were collected out of a total of six observed by Mr. Baillie on August 8, 
at Sable Island. These are obviously young of the year. Although the 
type of shore on Sable Island seemed suitable for the nesting of this 
species no proof of their having done so there is available. There are 
records of the breeding of this species on Lake Winnipeg (Rogers, 1937) 
and it is possible that these individuals are transients from that area. 

2 Imm. 9 9 Aug. 8, Sable Island. 

Charadrius semipalmatus. Semipalmated Plover. — Although 
this species is transient in the region here concerned, its occurrence in 
summer entitles it to inclusion here. Mr. Baillie saw five individuals 
on Sable Island, Lake of the Woods, on August 8. 

Oxyechus vodferus. Killdeer Plover. — A common breeding bird 
of the cultivated section of western Rainy River District. This species 
is undoubtedly more common now than it was prior to settlement because 
of the tremendous expansion of terrain suited to the species. We did 
not note the species while stationed at Off Lake where more unchanged 
conditions exist. 

Juv. 9 June 16, Emo. 

Capella dellcata. Wilson’s Snipe. — ^This species was found to 
inhabit uncultivated spots in low, wet meadows and tilled fields. It 
was not common; three were the most seen in one day. A pair, estab- 
lished near our camp north of Emo, was observed regularly. On June 4, 
one of these birds was seen perched on the top of a fence post uttering 
its soft, slightly descending ”kuck-kuck-kuck.” Overhead another bird 
drcled about producing, periodically, the pleasing vibrant sound which 
is slightly ascending in tone and accelerated in speed. It occurs to the 
writer that the frequent reference to this note, in North American bird 
literature, as a “bleating” sound is most inapt. It seems probable that 
this term has been copied from the European literature where it may be 
descriptive of the sound produced by a species there. 

Actitla macuiarto. Spotted Sandpiper.— -A fairly common 
breeding species along the Rainy River, its tributaries and the lake 
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shores of more northerly sections. A set of four eggs collected near 
Aylesworth was situated a few feet from the bank of a small creek in a 
wooded pasture. The male bird was found to be incubating, the time 
being 3:00 P.M. 

cf June 26, Aylesworth. cT Aug. 1, Rainy River. 

Tringa solitaria. Solitary Sandpiper. — ^This species was not 
met with during the summer until July 24, when a female was collected 
at Big Fork. So far as the evidence goes this bird was probably a 
transient. It is typical of the form T. s. solitaria. 

9 July 24, Big Fork. 

Totanus flavipes. Lesser Yellow-legs. — Mr. Baillie found 
this species very common at Sable Island on August 8. It is a summer 
bird in the region here considered, though undoubtedly a transient. 

Imm. 9 Aug. 8, Sable Island. 

Piaobia melanotoa. Pectoral Sandpiper. — Five migrant 
Pectoral Sandpipers were observed on Sable Island on August 8. The 
specimen collected is an adult in worn breeding plumage showing no 
signs of replacement. 

& Aug. 8, Sable laland. 

Plsobla minutlUa. Least Sandpiper. — ^The species was found to 
be a common migrant at Sable Island on August 8. 

Imm. ? Aug. 8, Sable Island. 

Ereunetes pusillus. Semipauiated Sandpiper.— The visit made 
to Sable Island on August 8, established this species as a common 
migrant there at that time. 

Imm. 9 Aug. 8, Sable laland. 

Grocethla alba. Sandbrlinc. — ^Three migrant Sanderlings were 
noted on Sable Island on August 8. The specimen collected is an adult 
in worn breeding plumage. 

9 Aug. 8, Sable Island. 

Larue argentatue. Herring Gull. — k fairly plentiful species 
about some of the larger lakes of the region. Herring Gulls were ob- 
served reconnoitering the Rainy River from various points. The species 
nests on a bare rock island in Kaiarskons Lake and there may be 
breeding colonies on Lake of the Woods within the territorial scope of 
the area here reported on. 
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The single specimen secured is an adult female. From an examina- 
tion of the ovaries it appeared that this individual was a breeding bird. 
The beak measures 53 mm. in length and is unmarked with black. 
The tail is entirely white, the primaries are white-tipped but only the 
first is marked by a mirror which is confined to the inner web and well 
separated from the apical spot. 

9 July 2, Off Lake. 

Sterna hirundo. Common Tern. — This species was not met with 
until July 29 after camp was established at Rainy River. It was noted 
regularly and commonly at this station. Roberts (1932) states that 
breeding colonies are to be found on Lake of the Woods. 

9 July 29, Rainy River. 

Hydroprogne caspia. Caspian Tern.— A Caspian Tern was seen 
by Mr. Baillie on August 8 on Lake of the. Woods. Aside from this 
record we secured no information on its status in the region. Roberts 
(1932) states that eight or ten were observed on Lake of the Woods in 
July, 1916. 

Ghlidonias nigra. Black Tern. — This tern was observed 
r^ularly and commonly by us while we were encamped at Off Lake 
and also at Rainy River. Although we did not locate a breeding colony 
the daily foraging of adults suggested that one, or more, existed some- 
where along the marshy borders of rivers, near Off Lake and also the 
Rainy River. At the latter place, on August 1, Mr. Baillie saw several 
young birds, accompanied by adults. The young possessed short tails, a 
state of immaturity which suggests that they were not far from the 
place of their nativity. 

Aug. 1, Rainy River. 

Zenaidura macroura. Mourning Dove. — During our stay in 
the Erao district we were told by several local residents that a pair of 
doves spent the summer of 1928 in the vicinity of the canning factory 
at the edge of the village. Mr. Douglas Mair described their call and 
referred to them as Mourning Doves. Although the species is probably 
not established as a regularly breeding bird as yet there is evidence that 
it is penetrating into the province in this region and beyond, as an 
oocaumial summer resident. The evidence at hand suggests that the 
eastern form aroUnensis is to be expected here. 

Goccyzut erythropthnlmus. Black-billed Cuckoo.— The 
status of tihis species in western Rainy lUver region probably varies from 
year to year dbce the limits of range are here approached. One noted 
on June 20 is our only record for the summer of 1629. 
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OtU8 agio. American Screech Owl.— Mr. Hall of Emo described 
to us a small owl with ear-tufts which he has seen locally but rarely. 
Although we did not meet with the species in 1929 there seems no reason 
to doubt its occurrence. Thompson (1890) gives an early Ontario 
record on Lake of the Woods, specifically as Sabaskong Bay which 
bounds the area here considered. Specimens from this region would be 
of particular interest for racial study. 

Roberts (1932) states that ‘‘some individuals from the north-western 
part of the state (Minnesota) are paler in colour and are regarded as 
Aiken's St'reech Owl (0. a. aikeni)", A specimen in the R.O.M.Z. 
collection from Treesbank, south-western Manitoba seems clearly 
referable to this pale western race. 

Bubo vlrginianus. Great Horned Owl. — Heard fairly regularly 
throughout the summer but not commonly; seen rarely. We were not 
successful in securing summer specimens for study. Birds seen were 
pale in general effect, not of the virginianus type. Mr. Alfred Levridge 
of Devlin told us of having found the nest containing two very young 
Horned Owls on April 10, 1929. 

Agio flammeus. Short-eared Owl.— Not uncommon about the 
more prairie-like clearings of western Rainy River District. Near Emo, 
on June 24, a family of four variously-sized young was discovered in 
rough grazing land cluttered with clumps of young poplar, scattered 
mature trees, fallen logs and thickets of willow along a creek. None 
of the young had attained full power of flight. Mr, Baillie also secured a 
locally reared juvenile at Rainy River. These records add for the 
species, two new breeding stations, to the very few known in the 
province. 

cf June 19, Emo. 1mm. 9 July 31, Rainy River, 

Juv. 9 June 24, Emo. 

Antrostomus vocifenis. Whip-poor-will. — Heard only at Off 
Lake, on four nights between July 5 and 11. This region undoubtedly 
is on the northern periphery of range of this species and, as might be 
expected, it is scarce, 

Chordeiles minor. Nighthawk. — Observed regularly throughout 
the summer. The greatest number noted on one day was ten, on July 
19, near the camp at Big Fork but seven had been seen on July 5 at 
Off Lake. A fresh egg was found at Clearwater Lake on July 1, situated 
on a bare rock denuded by fire. 

The specimen collected, a female, has a wing measurement of 195 
mm. and the tail measures 108 mm. Its dorsal surface presents a more 
variegated pattern of pale markings than is found on the average Night- 
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hawk from eastern Ontario and pale markings on the wing-coverts are 
extensive. The characters as described more or less combine the 
characteristics of C. m. minor and C. m. sennetti, 

9 July 1, Off Lake. 

Chaetura pelagica. Chimney Swift. — We rarely noted the 
Chimney Swift about farmland but it was observed fairly commonly in 
the more heavily forested region to the north and about the towns of 
the district. This di.stribution is consequent to the availability of 
nesting sites; original conditions for nesting in trees were undoubtedly 
present in the forest while chimneys in the villages, constituted suitable 
sites there. 

cf July 14, Big Fork. 

Archilochus colubris. RuBV-TiiROArLD Hummingbird. — Ob- 
served most regularly from our Off Lake camp, at which place the 
forest was more extensive and uninterrupted. As many as twelve 
were seen on one day, July 6. A nest containing two heavily incubated 
eggs was found at Aylesworth on June 25. It was situated on a 
horizontal limb of a bur oak approximately fifteen feet from the ground. 
The female bird attempted protection of the nest by making .swift darts 
at the writer when he disturbed her. 

cT July 2, Off Lake. 

Megaceryle alcyon. Belted Kingfisher. -This species was 
met with regularly at all stations on lakes and water courses but its 
territorial requirements are apparently too great to allow for more than a 
sparse population. An occupied burrow was found on Quill Lake on 
July 7. Young birds were not noted on the wing until July 20. 

June 25, Aylesworth. 

Colaptes auratus. Yellow-shafted Flicker. — F'lickers were 
fairly evenly distributed throughout the region. From one to ten 
individuals were noted daily throughout the summer. It was the 
commonest woodpecker about areas under cultivation but one other 
species exceeded it to the north in the wilder parts, the Yellow-bellied 
Sapsucker. 

Occupied nesting holes were discovered. The earliest observation 
pertaining to nesting was made on June 11 when a female was found 
working at a cavity in a dead tree. 

9 June 10, Emo, 

July 5, Off Lake. 


9 July 9, Off Lake. 
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CeopbloeuB pileatus. Pileated Woodpecker.— The Pileated 
Woodpecker was recorded rarely from all our camps; one or two birds 
were noted on five occasions during the summer. It is fairly certain 
that the same pair was involved in two of these observations. It is 
therefore a widely scattered resident, perhaps not much scarcer now 
than at any former period. We did not find any occupied nests but 
nesting holes or winter roosts, unquestionably the work of this species, 
were seen. 

(f July 5, Off Lake. 

Melan«t>e8 erythrocephalus. Red-headed Woodpecker. — 
The Red-headed Woodpecker was somewhat more generally distributed 
and numerous than might have been expected in this region which 
undoubtedly approaches the northern limits of its range. It seems 
probable that it is more numerous now than in earlier times. We saw 
the Red-headed Woodpecker at all camps but it was more regularly and 
commonly observed in districts where cultivated land was interspersed 
with woodland. Seven individuals were noted on June 25 near Emo. 
An occupied nest was found in a brushy pasture with scattered dead 
trees on June 20. 

& June 8, Emo. June 20, Emo. 

9 June 10, Emo. ^ June 27, Emo. 

9 June 20, Emo. 

Asyndesmus lewtel. Lewis’s Woodpecker.— The following 
record is included in this account of summer birds since the time of the 
observation. May 27, verges on a summer date. During our viut, to 
the western portion of Rainy River District in 1929 it was our pleasure 
to meet and become acquainted with Mr. Edgar Sullivan, a youth who 
was then interested in natural history and who has since continued 
that interest. On May 27, 1934, Mr. Sullivan wrote me as follows, — 
“I’m dropping you a line to let you know I saw a Lewis's Woodpecker 
to-day. According to ‘Birds of Western Canada’ this bird is a native 
of British Columbia and not known east of Saskatchewan. I can 
assure you of its being a Lewis’s Woodpecker. I stopped the car within 
twenty-five feet of it, that we might observe it. It was sitting on a 
fence post, one-half mile south of Langtry’s Bridge (near Emo)’’. 
Incidentally there is an excellent.figure of this species in the publication 
to which Mr. Sullivan refers. 

This record constitutes the first for Ontario but since it does not 
rest on a collected specimen it is probably best to regard it as hypo- 
thetical for the present. Further support to the record is given by the 
fact that this species has been seen in recent years in the Winnip^ 
region. (Cartwright, 1931). 
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Sphyrapicus varius. Yellow-bellied Sapsucker.— Compar- 
atively scarce in cultivated sections but it was the commonest wood- 
pecker of wilder parts. A nest found on July 1 contained young birds. 

cf* June 17, Emo. 

Dryobates villosus. Hairy Woodpecker. — Observed regularly 
at all camps, somewhat more commonly in wilder sections, but it was 
not plentiful in any part of the district. Three was the most observed 
on a single day. We established the record of it as a brec'ding species 
on June 16, when young of the year were secured. The juveniles 
collected proved on dissection to reveal their sex by crown markings; 
coloured on young males and black on young females. The adult 
females collected are not notably large representatives of the species. 
Their average measurements are, L.246, cul. 31; W. 122.5; T. 80; Wt. 
76. They may be regarded as somewhat intermediate between D, v. 
viUosus and D. v. sepientrionalis. 

Juv. cf June 15, Emo. Juv. 9 July 7, Off Lake. 

Juv. 9 July 3, Off Lake. 9 July 30, Rainy River. 

9 July 4, Off Lake. 


Dryobates pubescena. Downy Woodpecker. — ^The Downy 
Woodpecker was observed regularly at all camps. It was fairly common 
in wilder sections, somewhat less numerous near cultivated areas. On 
the average it outnumbered the Hairy Woodpecker for the region as a 
whole. Young birds of tlie year were first noted on July 2. As in the 
case of the Hairy Woodpecker, young birds were carefully dissected and 
the sex, so determined, substantiated the supposed sex characters of 
juveniles in this genus as has been discussed elsewhere (Snyder, 1923). 
The series of adult specimens average in size within the limits ascribed 
to the form medianus. One adult male, by general appearance possibly a 
non -breeding bird, taken on July 2, conforms well with the race nelsoni. 
The population as a whole may best be regarded as intermediate. 


9 June 12, Emo. 

9 June 27, Emo. 

2 & ^ July 2, Off Lake. 
9 July 6, Off Lake. 


(S' 

Juv. cf 
9 
9 

Juv. cT 


uly 6, Off Lake, 
/uly 6,OffUke. 
July 8, Off Lake. 
July 24, Big Fork. 

, uly 80, Rainy River. 


Picoides arcticus. Arctic Three-toed Woodpecker. — Met 
with between Clearwater Lake and Off Lake on three occasions; possibly 
representatives of a single family were concerned in each observation. 
No other records were secured for the species. 

A young female specimen, undoubtedly reared near camp, was 
collected. It has two small white marks on a black feather of the 
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posterior back. The fore-crown is marked, as is probably the rule, 
with a small faint yellow spot. 

Juv. 9 July 8, Clearwater Lake. c? July 9, Off Lake. 

Picoides tridactylus. American Three-toed Woodpecker. — 
On July 16, Mr. Baillie secured an adult of this species in a spruce bog 
not far from camp at Big Fork. This is the only record for the region, 

9 July 16, Big Fork. 

Tyrannus tyrannus. Eastern Kingbird. — ^Although the King- 
bird was observed regularly and fairly commonly about the wilder lake 
country to the north, it was not as numerous there as it was about 
settled sections. It very probably has increased as a result of the 
clearing, or partial clearing, of the land. A newly completed Kingbird 
nest was found on June 15, situated five feet from the ground on the 
top of a burned stump. A thicket of low-growing willows shielded the 
stump and the nest probably would not have been detected if the adult 
birds had not flown at me fiercely. Although no eggs had been 
deposited as yet, the defence of the nest was definite enough. 

cf July 3, Off Lake. 

Myiarchus crlnltus. Crested Flycatcher. — We did not meet 
with this flycatcher about camp at Emo but it was noted at all other 
camps as a rare resident. Two family groups were observed near 
Rainy River on August 5, by Mr. Baillie. 

9 July 10, Off Lake. Juv. cT Aug. 5, Rainy River. 

Sayornis phoebe. Eastern Phoebe.— Noted daily throughout 
the summer. Phoebes were least numerous in flat agricultural sections 
and most numerous about the lake shores to the north and along the 
rivers to the south. While exploring an abandoned farmstead, north 
of Emo, on June 12, a Phoel)e*s nest was discovered in a rather unusual 
situation. A root cellar, constructed by digging a hole approximately 
seven feet deep on level terrain, had been timbered over and roofed 
level with the ground. A vertical shaft gave access to the chamber 
which had partially filled with water. The Phoebe accepted this sub- 
terranean site which was strictly a hole in the ground rather than a cave, 
in the usual sense. A nest situated over the window of the log building 
in which wc were encamped at Off Lake was a source of much pleasure 
and some annoyance. When the young Phoebes left the nest during the 
first week of July, countless thousands of minute mites which had in- 
fested the nest emigrated. Attracted perhaps by the warmer interior 
of our cabin the mites entered through the chinking between the logs 
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and for a couple of days their masses imparted large dusky patches to 
the ochre surfaces of the log walls and to the bunks in which we slept. 


cf 

9 

cf 

9 


[une 25, Big Fork, 
une 27, Emo. 
uly 10, Off Lake, 
uly 15, Big Fork, 


c? July 15, Big Fork. 
Juv. 9 July 24, Big Fork. 

9 July 25, Big Fork. 
Juv. cf* Aug. 7, Rainy River. 


Empidonax flavlventris. Yfxlow-bklijed F lyc atcher . — ^The 
only record for the summer was made by Mr. Baillie in a wild plot near 
Big Fork on July 16th. 

Empidonax trailli. Traill’s Flycatcher. —A fairly common 
flycatcher, noted at all camps. It was .somewhat more numerous in 
sections where semi-clearings and second growth were prevalent, rather 
than where more virgin conditions prevailed; the species probably 
increased following settlement of the land. 

Of the three adults collected one is slightly peculiar; the wing-bars 
are a shade darker than the average for this form, the head contrasts 
with the general tone of the back by being slightly darker, the grey 
band on the breast is darker and less tinged with greenish and the third 
primary is the longest (by 1 mm.) rather than being equal or shorter 
than the second. The bird was regarded as a characteristic example of 
£. irailU in the field however. 

cf June 1, Emo. 9 July 29, Rainy River. 

<y June 15, Emo. Juv. cT Aug. 3, Rainy Rivet. 


Empidonax minimus. Least Flycatcher.— The commonest 
flycatcher of the region. It was to be found in a considerable variety 
of habitats, in the alder thickets along streams, in the mixed forests, in 
poplar groves, etc. The species was noted nest-building on June 4. 
Young birds of the year were first noted out of the nest during the 
second week of July. 

9 July 1, Off Lake. Juv. 9 July 10, Off Lake. 

Myiochanes virens. Eastern Wood Pewee. — A fairly common 
species noted at all camps. Six was the greatest number noted on a 
single day. The drowsy call of the Wood Pewee was a characteristic 
sound of the older poplar groves. The more open mixed forest con- 
stituted a habitat for this flycatcher in the lake country to the north. 

c? June 13, Emo. cT July 1, Clearwater Lake. 

^ June 14, Emo. 9 July 9, Off Lake. 

cT J unc 25, Ayleswort h . 

Nuttallorals mesoleucus. Olive-sided Flycatcher. — ^Although 
we found the Olive-sided Flycatcher occupying the relic black spruce bog 
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in the settled section, it was more frequently observed in the wilder lake 
country to the north. It cannot be regarded as a common bird in the 
same sense as certain other flycatchers. Two pairs, established 
sufficiently close together that the calls of the male birds ceui be heard 
at the same time at a point between them, is about as dense a population, 
apparently, as this species attains. 

$ July 5, Off Lake. 

Otocorls alpestrls. Horned Lark. — Clearing of the land for 
settlement in western Rainy River District has undoubtedly been 
favourable to the increase of the Horned Lark. We did not see the 
species in sections where natural conditions were little affected by man, 
but it was noted fairly commonly in farmed districts. Adults were 
seen carrying food on June 10 and the first flying young were noted on 
June 19. 

A male taken on May 31 was the first specimen to be collected after 
we had established camp in the region. There seems little doubt that 
it was a migrant since it is distinctly not of the resident race. This 
individual measured as follows, — ^length 190 mm., culmen 18 mm., 
wing 106 mm., tail 69 mm., weight 43^ gms. The forehead and crown 
still display winter condition of the plumage and have a yellowish 
brown suffusion. The superciliary stripe is distinctly yellowish and the 
throat is yellow. Dorsally this bird is dark in tone and warm in colour. 
So far as tone and colour are concerned, the specimen compares favour- 
ably with examples of the form alpestris. Except for its large beak 
and rather small wing (somewhat worn) it is typical of this race. 

Of the specimens subsequently collected and known to be the breed- 
ing form, three are adult males. Their average measurements are as 
follows; — ^length 180 ram., culmen 12 mm., wing 106.3 mm., tail 
69.6 mm., weight, 32.8 gms. These birds are notably pale dorsally with 
light cinnamon drab on the occiput and nape. Two have very pale 
yellow throats and the third is nearly white. These birds are like 
summer examples of the Horned Lark from central and southern 
Manitoba and similar to birds from southeastern Saskatchewan (the 
latter, enthymia of Oberholser). They differ from summer Homed Larks 
from southern Ontario and southern Michigan in having lighter and 
on the average less extensive fuscous markings on the feathers of the 
back. The mai^ins of paler colour on the dorsal feathers of Rainy 
River birds are broader and "light drab”, not as warm in colour as on 
breeding birds from southern Ontario and specimens from Michigan. 
The colour and tone as given in detail imparts a generally paler gspect 
to the dorsal area as compared with specimens, from more south- 
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eastern localities, regarded as praticola. It would appear from an 
examination of material in the R.O.M.Z. collection that O. a. enthymia 
is a valid race and that its distribution should extend through southern 
Manitoba to the Rainy River region in Ontario. Birds of this region 
are similar to 0. a. articola, but smaller, and similar to O. a. leucolaemo 
but not so ochraceous. 

o' May 31, Emo. Juv. 9 June 19, Emo. 
cf June 6, Emo. o' June 19, Emo. 

d' June 10, Emo. 

Iiidoprocne bicolor. Tree Swallow. — Found throughout the 
region, most commonly in the lake country and along the rivers. A 
nest with eggs was noted on June 7. 

9 July 3, Off Lake. Juv. 9 July 23, Big Fork. 

Rlparia riparla. Bank Swallow. — Colonies were found along the 
Rainy River, at Emo, Big Fork and at the town of Rainy River. The 
small colony at Emo consisted of about eight pairs. The burrows were 
in a vertical bank of sawdust along the river where a sawmill had 
operated some years ago. The sawdust was well packed and although 
it was easier to tunnel in than earth, the site possessed a normal earth- 
bank appearance. Naked young were found in one of these tunnels 
on June 28. 

Nestling (alcoholic) June 28, Emo. Juv. 9 July 23, Big Fork. 

Stel^idopteryz ruficolUs. American Rough-winged Swallow.— 
Mr. Baillie discovered this species near camp at Big Fork and counted 
as many as twenty-five individuals including young just out of the nest, 
on July 24. This constitutes the most northerly record for the species 
in Ontario and one of the most northerly for North America. 

9 July 20, Big Fork. Juv. dP July 20, Big Fork. 

Hirundo erythrogaster. Barn Swallow. — Seen regularly and 
fairly commonly throughout cultivated areas where buildings for nesting 
sites were available. It was not noted during our stay in the lake 
country. 

On June 25 we visited a heavily forested section on the Rainy River 
which formerly constituted an Indian Reservation. An abandoned 
farmstead in a clearing central to the forested area and several miles 
from settlements, was reconnoitered for birds and here one pair of 
Bam Swallows was found nesting in the stable. This was certainly 
the only pair established there. The male of this pair was collected 
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as a specimen about noon. In less than two hours another male was 
seen flying about the buildings with the resident female. 

cf June 25, Big Fork. 

Petrochelidon albifroii8« Cliff Swallow. — ^We were told of 
several nests of this swallow on the outside eave of a barn four miles 
east of Emo and subsequently a set of eggs and also a nestling was 
secured from this situation. The only other record for the species for 
this region was one seen by Mr. Baillie on July 21, near Big Fork, 

Nestling (alcoholic) July 25, Emo. 

Pro^ne subis. Purple Martin. — Seen regularly from all camps 
except at Off Lake. It nests about the town of Fort Frances, about 
villages and farmsteads of the region. We found the species occupying 
original sites for nesting, namely cavities in trees. A family was reared 
in an abandoned woodpecker hole situated twenty feet from the ground 
in a dead paper birch in an open wooded pasture near our camp at 
Emo. Mr. Baillie observed a flying young being fed by a female, 
while both birds were on the wing. 

cf’ June 24, Emo. Juv, cf Aug. 4, Rainy River, 

Perisoreus canadensis. Canada Jay.— This species was noted 
occasionally, but not commonly during the summer of 1929. Its 
occurrence about farmland was more or less accidental. Near Emo on 
June 16, during the early evening, a young Canada Jay was observed 
being pursued by a Crow Blackbird which apparently regarded it as a 
stranger in the locality. The jay was obviously frightened, as it flew 
to a brick farm building and clung to the wall. Later it escaped into a 
clump of bushes nearby. The species breeds in the region . 

Juv. cT July 2, Off Lake. July 21, Big Fork 

Cyanocitta cristata. Blue Jay. — Not common but observed 
regularly; less frequent in wilder sections. 

cT June 5, Emo. 

Corvus brachyrhynchos. American Crow.— A common species 
of the region, most numerous in cultivated sections where there is 
undoubtedly a plentiful food supply and extensive situations for nesting. 

The male bird collected is large in all its measurements, typical of 
the eastern form C. b. brachyrhynchos. Its measurements in milli- 
metres are as follows: — length 495, total culmen 61, wing 332, tail 201, 
weight 480 gms. 
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Penthestes atricapiUus. Bijvck-capped Chickadee. — Noted 
regularly throughout the summer, but the species became most con- 
spicuous after about July 8, at about which time the young emerged from 
their nests. Twice during late summer when family groups were met 
with and collecting of specimens made it possible to determine the 
point, adult males were found to be the family escort. 

The plumage condition of adults collected makes racial comparison 
very uncertain, both as regards tone and colour, and size. The series 
of five adult males when compared with specimens of the same sex and 
collected about the same date from extreme southern Ontario can not 
be certainly differentiated. The wear and loss of tail and wing feathers 
give an inaccurate measurement of these parts but even so they appear 
rather large for P. a. atricapiUus, The average measurements for the 
five, given in millimetres, are as follows: — length 137, wing 65.5, tail 
66.5, weight 11.5 gms. 


2 d' d' 
& 

Juv. 9 


June 12, Emo. 
July 1, Off Lake. 
July 9, Off Lake. 


2 d (f July 9, Off Lake. 
Juv. 9 July 17, Big Fork. 
Juv. 9 July 29, Rainy River. 


Penthestes hudsonicus. Brown-headed Chickadee. — This 
chickadee was rare in the region but it was noted twice during the late 
summer when family groups were met with. On both occasions these 
birds were discovered in black spruce cover, — local boreal islands. 

The material collected is not sufficiently satisfactory to be very 
helpful in determining the race of this species occurring in the area. 
Comparisons of the juveniles show them to be very similar to juveniles 
taken elsewhere in Ontario. A casual examination of adults in thv 
R.O.M.Z. collection which might suggest the racial probabilities for 
Rainy River merely indicated the need for a general study of Canadian 
Brown-headed Chickadees. 

2 Juv. d d July 10, Big Fork. Juv. — July 21, Big Fork. 


Sltta carolinensis. White-breasted Nuthatch. — A rare bird 
of the region; found only at or near Big Fork along the Rainy River. 
Woods containing old broad-leafed trees constituted its habitat. Such 
particularly characterized the Indian Reserve of the region. 

Sitta canadensis. Red-breasted Nuthatch. — Seen at all camps 
but an uncommon species. Found in old, dense, mixed woods, the 
habitat overlapping that of the White-breasted Nuthatch at Big Fork. 

Gerthla familiaris. Brown Creeper. — Noted only on three 
occasions during the summer, once at Off Lake and twice at Big Fork. 
It was found on each occasion in old and dense mixed forests, in situations 
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favourable to the occurrence of the last-mentioned species. The form 
of the region is the Eastern Brown Creeper, C. f. americana. 

Adult June 25, Big Pork. 

Troglodytes aedon. House Wren. — fairly common bird and 
found at all camps; most numerous about habitations or clearings and 
partial clearings. A completed nest was found as early as June 1st, 
but young birds did not become conspicuous until mid-July. 

The series of specimens secured are readily referable to the form 
T, a. parkmani, the Western House Wren. 

cf June 8, Emo. (J* July 5, Clearwater Lake. 

& June 12, Emo. 9 July 8, Clearwater Lake, 

cf June 17, Emo. 9 July 16, Big Fork, 

& June 20, Emo. 9 Aug. 3, Rainy River. 

9 June 27, Emo. 

Nannus hiemalU. Winter Wren. — ^This species was recorded 
at three of our camps, — Off Lake, Big Fork and Rainy River, — ^but it 
was very rare in all localities. Typical white cedar swamps which 
apparently provide the most acceptable habitat for Winter Wrens were 
uncommon. The birds we discovered were all found in old black 
spruce stands. The only specimen collected was lost down one of the 
innumerable holes about the roots of spruce in a dark, wet bog, 

CiatothoruR atellaria. Short-billed Marsh Wren. — An un- 
common species, noted at three of our four camps, Emo, Off Lake, and 
Rainy River. Young birds not long out of the nest were secured. 

cT June 1, Emo. Juv. d* July 30, Rainy River. 

cf July 8, Off Lake. Juv. 9 Aug. 7, Rainy River. 

Dumetella caroUnensia. Catbird.— -Noted occasionally at all 
four camps. A nest containing a set of three fresh eggs (probably an 
incomplete clutch) was collected on June 5 near Emo. This species is 
known to extend slightly north of this region (Baillie and Harrington, 
1936 and 1937). 

(J‘ June 5, Emo. 9 July 20, Rainy River. 

Toxostoma rufum. Brown Thrasher.— Found only near camp 
at Emo where it was a rare bird. The Rainy River District appears to 
be on the northern periphery of the range of this species in this 
longitude. 

cf June 5, Emo. 

Turdus migratorius. A&ibrican Robin. — ^A common breeding 
species throughout the region. 

Juv. 9 June 12, Emo. 


Juv. 9 July 2, Off Lake. 
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Hylocichla guttata. Hermit Thrush.— A fairly common breeding 
species found throughout the region. Relic woods in cultivated sections 
are sufficiently numerous and extensive to support a Hermit Thrush 
population but slightly less numerous than in the wild areas of the lake 
country, according to our daily observation records. 

9 Tune6, Emo. Juv. cf July 7, Off Lake. 

July 1, Off Lake. July 16, Big Fork. 

Juv. 9 July 6, 0£F Lake. 

Hsdocichla ustulata. Olive-backed Thrush. — ^This species was 
not observed at our Emo camp but it was found commonly at Off Lake. 
It was also an uncommon species at Big Fork and Rainy River. A nest 
with four eggs, found on July 4, at Off Lake, was successfully photo- 
graphed together with an adult by Mr. A. R. Van who was in the field 
with us during the period. 

cf July 4, Off Lake. Juv. cf July 9, Off Lake. 

Juv. - July 5, Off Lake. 


Hylocichla fusceacens. Wilson’s Thrush. — ^A common breeding 
species throughout the region. Comparison of the series of specimens 
collected at Rainy River has presented an interesting problem as regards 
the racial variation of this species throughout its range in Ontario. 
The specimens from Rainy River tend distinctly towards olive brown 
dorsally. When viewed in series they contrast markedly from the more 
tawny olive birds from southern Ontario. There can be no doubt that 
the Rainy River specimens represent the form H, /. salictcola, the 
Willow Thrush. 


2 9 9 June 4, Emo. 
cf June 6, Emo. 
cf June 11, Emo. 


9 

cf 

cf 

cf 


^ une 13, Emo. 

^ une 22, Emo. 

. une 25, Ayleiworth. 
July 3, Off Lake. 


Slalia alalia. Red-breasted Bluebird.— The Bluebird was noted 
fairly regularly but not commonly from all camps in or in the vicinity 
of cultivation. It was not noted at the Off Lake camp. A nest with 
small young was found at Emo on June 20. 

cf June 20, Emo. Juv. 9 July 81, Rainy River, 

cf July 17, Big Fork. 

BomhyciUa cedronim. Cedar Waxwing.— Found throughout 
the region; common in the lake country, somewhat less so elsewhere. 
Nests with eggs were noted by July 1. On July 8 the Cedar Waxwing 
was noted on our daily record sheet as '^abundant’', a term rarely em- 
ployed by us to describe the status of a species during field work. Their 
numbers continued at a peak throughout the first week of July. Two 
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reasons account for the large numbers observed. First, the species was 
actively engaged in mating and nest-building during this period and 
was consequently conspicuous: second, the emergence of Ephemcrids 
from the water attracted them to the open lake shores where they fed 
on these insects. 

9 June 15, Emo. 9 Aug. 7, Rainy River. 

9 July 3, Off Lake. 

Lanius ludovicianus. Common Shrike. — ^An uncommon species 
of the cultivated districts. A nest containing five half-grown young 
was found on June 8 near Emo. It was situated in a densely-branched 
shrub willow along a creek in a cultivated field. A dense mat of sheep 
wool had been used for lining material. One young bird was retained 
as a camp pet, and, until its csca[>e on June 26, it proved a source of 
much interest. It accepted bits of meat regularly at the skinning table 
and at other times captured flies for itself at the windows of the old 
building in which we w^ere camped. After a meal of blue-bottle flies it 
would disgorge a pellet of chitin about the size of a bean. It never 
attempted escape from the house unless all members of the party were 
outside at which time it became restless. It was while we were away 
from camp that it managed to find a hole in the fly screen of the door 
and started its independent career. 

The two adult birds collected, represent a mated pair. The female 
is in much more worn plumage than is the male. The feathers of her 
scapulars and rump are grey or greyish and are judged not to have 
been extensively white even when fresh. These tracts are white or 
whitish on the male and the feathers on the back and head are slightly 
paler than those of the female. With the material at hand for com- 
parison it seems evident that western Rainy River District is on the 
border range of the forms L. /. migrans and L. I, eoccubitorides. 

4 Juv. 9 9 June 8, Emo. 9 June 8, Emo. 

June 8, Emo. 

Stumus vulgaris. Common Starling.— This species had not 
reached the district at the time of our visit in 1929, but recent reports 
from residents indicate that it had reached there by 1935. Mrs. Down 
living near Devlin writes (May 1938) that during “the last three years 
there have been some here” and that during the present season Starlings 
nested in a shed-building on their farm. Miss Beatrice Sturdy, a school 
teacher interested in birds, also reports the species about Fort Frances 
though it is as yet not numerous. Its widespread occupancy of settled 
sections of the western Rainy River District is to be expected in the 
next few years. 
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Vireo solitarius. Solitary Vikeo. — rare species noted only 
once during the summer, at Off Lake on July 10th. 

Vireo olivaceus. Red-eyed Vireo. — A common species throughout 
the region. The earliest breeding record was made on June 1st when a 
completed nest was found. 

d* July 3, OflF Lake. d July 4, Oflf Lake. 

Vireo philadelphicus. Philadelphia Vireo. — An uncommon 
species identified occasionally near Emo and at Off Lake. 

d June 13, Emo. d July 5, Off Lake. 

Mniotilta varia. Black and White Warbler.— Seen almost 
daily from all camps but six was the greatest number recorded on a 
single day. It is therefore regarded as a fairly common warbler of the 
region. 

An unsexed specimen, presumably a male, collected on July 11), is in 
fresh incompletely developed winter plumage. The skull is soft and 
the field notes indicate that it is immature. This plumage differs 
markedly from the adult. All but a narrow median area of the ventral 
surface is rather heavily streaked with black. The throat, foreneck and 
upper breast are white as are also the sides of face and auriculars. 
Dorsally the specimen is similar to an adult male. 

d June 14, Emo. Juv. — July 19, Big Fork. 

Vermivora pereftrina. Tennessee Warbler. — Fairly common at 
Big Fork, where there were extensive black spruce forests, rare at Off 
Lake and not seen elsewhere. 

d July 8, Off Lake. 

Vermivora nificapilla. Nashville Warbler. — Fairly common 
at all camps except at Rainy River where it may have been missed 
because of the cessation of song since our visit there was rather late in 
the summer. 

A nest containing three eggs and a Cowbird^s egg in a partial state 
of incubation was found by Mr. Baillie on July 18 at Big Fork. The 
nest was located about three feet up from ground-level, in upturned 
roots of a fallen evergeen in a dense mixed woods. The female bird 
was collected. 

d June 15, Emo. 9 July 18, Big Fork. 

Compsothljrpis americana. Parula Warbler. — Common in the 
older and denser mixed woods at Off Lake and occasional at Big Fork; 
not noted elsewhere. A juvenile bird just out of the nest is one of 
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the rarer plumage-specimens obtained during 1929. Incidentally the 
taldng of this bird constitutes the first positive breeding evidence for the 
species in Ontario. The form of the region is C. a. pttsilla and the 
juvenile plumage of this race is like that described by Ridgway (1902) 
for the Southern Parula (C. a. atnericana) except that the feathers of the 
chin and upper throat are whitish (like those of the abdomen), not pale 
yellow. 

^ July 6, Off Lake. Juv. 9 July 9, Off Lake. 

9 July 9, Off Lake. 

Dendrolca aestiva. Yellow Warbler. — ^This species nested about 
the village of Emo and was not rare at Off Lake. Family groups and 
individuals were also noted occasionally at Rainy River. 

tf July S, Off Lake. Juv. — July 30, Rainy River. 

cT July 30, Rainy River. 1mm. 9 July 31, Rainy River. 

Dendroica magnolia. Magnolia Warbler. — ^Fairly common 
breeding species in wilder sections to the north ; noted rarely elsewhere. 

d* July 2, Off Lake. Juv. d' July 9, Off Lake. 

cf July 3, Off Lake. 

Dendrolca coronata. Myrtle Warbler. — Found regularly but 
not commonly in the r^ion of Off Lake; not noted elsewhere. This 
species apparently prefers the pine stands in the more open, dry, rock 
country. 

d* July 6, Off Lake. 

Dendrolca vlrens. Black-throated Green Warbler. — ^T he 
species was noted regularly and fairly commtmly from our Off Lake 
camp and rarely at Big Fork. 

of July 9, Off Lake. 

Dendrolca fusca. Blackburnian Warbler. — rare species 
throughout the area visited but noted somewhat more regularly in the 
wilder parts. Young of the year, noted at Off Lake and at Rainy River, 
gave evidence that the species is a breeding bird of the region. 

d* June 10, Emo. 9 July 6, Off Lake. 

Dendrolca penaylvanlca. Chestnut-sided Warbler.— A common 
nesting warbler of the region. The earliest record for the appearance 
of young in the nest was made on June 27. 

d* June 10, Emo, 9 July 33, Big Fork, 

d* July 9, Off Lake. Imm. 9 Aug. S, Rainy River. 
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Dendrolca castanea. Bay-breasted Warbler. — Found com- 
monly in the wild parts to the north; recorded once at Rainy River. 
On July 6th at Off Lake, a female Bay-Breasted Warbler was observed 
carrying some material into the dense spire of a tall spruce tree. It was 
probably food for young birds judging by the date but may have been 
nesting material. 

2 cT cf July 1, Off Lake. 9 Aug. 3, Rainy River. 

Dendrolca striata. Black-poll Warbler. — ^The taking of a 
female Black-poll Warbler on August 6 at Rainy River is the only record 
for the species we secured. This occurrence is regarded as marking an 
early migratory date since this bird is scarcely to be expected as a 
summer resident in this latitude. The specimen is in worn summer 
plumage and as noted during the preparation of the specimen, has a 
bare belly. Some plumage replacement is evident, especially on the 
coverts of the wings, 

9 Aug. 5, Rainy River. 

Dendrolca pinna* Pine Warbler. — ^This species was recorded as 
an uncommon warbler at Off Lake. It was recorded once at Rainy 
River, The species breeds in the region, as indicated by the observation 
of broods and the collecting of juveniles. Dissection of the female 
collected on June 8 revealed an egg in the oviduct. Two young birds 
secured from a family group on July 31 show a considerable difference 
in the stage of plumage development. One is entirely in the dull 
juvenile plumage and the other has a considerable replacement of the 
drab grey-brown feathers of the throat and breast by bright greenish- 
yellow feathers of the first winter plumage. At Off Lake this warbler 
was found only in rather open stands of well-developed pines in high dry 
rocky situations. 

& July 5, Clearwater Lake. 2 Juvs. - July 31, Rainy River. 

9 July 8, Clearwater Lake. 

Dendrolca palmantm. Palm Warbler. — ^The taking of a juvenile 
female by Mr. Baillie on July 21 established this species as a rare breeding 
Iwrd of the region which incidentally is the second for the province. 
Hie bird was collected in a black spruce bog. 

Juv. 9 July 21, Big Fork. 

Selttmi anroc^plUue* Oven-bird. — Common throughout the re- 
gion but more evenly distributed in the north because of the continuity 
of woodland. Young birds out of the nest were first noted on July 8. 

cf June 14, Emo. 
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Seturus noveboracensis. Northern Watbr-thrusb. — Not 
common but observed regularly at Off Lake. It was noted once near 
Emo. Comparison of the specimens secured with the series in the 
Museum merely indicates that a much broader study of Ontario material 
than can be attempted for the present report, is needed. 

July 4, Off Lake. cT July 6, Off Lake. 

Opororais Philadelphia. Mourning Warbler. — Common 
throughout the region. A nest containing one egg was found by Mr. 
Stovell on June 16 near Emo. It was situated just off the groimd in a 
brush pile in a small clearing where trees for winter wood had been 
removed. It was determined, on a subsequent visit to the place, that 
the nest had been destroyed by some unknown agent. 

cT June 1, Emo. d* July 9, Off Lake. 

d* June 3, Emo. d* July 17, Big Fork. 

^ July 8, Off Lake. ^ Aug. 6, Rainy River. 

Geothlypis trichaa. Maryland Yellow-throat. — ^This warbler 

was not particularly common but it was generally distributed and 
observed regularly throughout the summer. The first evidence that 
young of the year had hatched was secured on June 27 when a female 
was observed carrying food. 

The series of adult males secured average slightly brighter green 
dorsally than specimens from southern Ontario, r^arded as typical of 
G. t. brachidactyla. Also the pale band across the fwe-crown averages 
wider and paler than typical brachidactyla. Ventrally, the Rainy River 
birds show, in series, a slightly warmer yellow than a comparable series 
from southern Ontario but on the other hand they are not as bright as 
birds from the prairie region (C. t. ocddtntaUs). The average measure- 
ments of the six adult males are as follows: — ^L. 123.5 mm., cul. 11.2 mm., 
W. 66.6 mm., T. 48.5 mm. (worn), tar. 19.3 mm., Wt. 10 gms. 

As described, the Maryland Yellow-throat from this region is some- 
what intermediate between the Northern Yellow-throat, G. t. brachi- 
dactyla and the Western Yellow-throat, G. t. occidentaUs, 

The females secured are too worn to be of much value in comparative 
work. 

cT June 11, Emo. 9 July 25, Big Fork 

<? . une 14, Emo. Juv. cT July 80, Rmny River. 

<J' , une 17, Emo. ^ Aug. 1, Rainy River, 

o' . une 27, Emo. 9 Aug. 8, Rainy River, 

d* July 4, Off Lake. Juv. 9 Aug. 6, Rainy River. 

Wilsonla canadcnals. Canada Warbler.— Fairly common at Off 
Lake and noted occasionally at Big Fork. 
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Setophaga ruticllla. American Redstart. — ^An uncommon species 
in areas altered by clearing and cultivation but fairly common in the 
wilder parts to the north, A second year male collected was singing a 
short but characteristic Redstart song. 

Imm. cT July 3, Off Lake. cT July 4, Off Lake. 

Passer domesticus* English Sparrow,— This introduced species 
is fairly common about towns, villages and farms throughout the settled 
portion of western Rainy River District. It nests about habitations. 

Juv. 9 June 15, Emo. 

Dollchonyx oryzivonis. Bobolink.— On June 16th, 1929, near 
Emo, a bird flew past our camp which was provisionally recorded as a 
Bobolink. Subsequent observation did not again reveal the species and 
the record was withheld. Since then Mr. D. E. MacMillan, an Ontario 
Game and Fisheries Overseer who formerly lived near Emo, has visited 
there and in late June of 1936, and again in 1937, he saw an individual 
male in a meadow three miles north-east of the village. This is con- 
sistent with recently noted range expansions (see Baillie and Harrington, 
1937). 

Sturnella neglecta. Western Meadowlark.— Not uncommon 
about cultivated farmland and open pastures from Rainy River to Fort 
Frances. Although the species penetrates northward for several miles 
particularly in the central region, it was not observed in sections beyond 
cultivation. A female collected on June 15th contained a well-developed 
egg in the oviduct. Four young birds were noted in a nest found near 
Emo on June 26th. This is the first definite evidence of breeding for this 
species in the province. No exact date as to the advent of this Meadow- 
lark into the region could be determined, but there seems no doubt that 
it has come to occupy the area within recent years, probably within the 
present century. 

c?* June 3, Emo. 2 cf cT June 5, Emo. 

9 June 6, Emo. 9 June 16, Emo. 

Aftelaius phoeniceus. Red-wingkd Blackbird.— Fairly generally 
distributed in marshy habitat throughout the area and not uncommon 
at all camps made ; most common in the lake country. A nest containing 
three eggs was found at Off Lake on July 1st. 

The series of specimens collected are readily referred to the form 
A. p. arctolegus on the basis of measurements which average as follows: — 
Three mature males; L. 67.6 mm., W. 126.8 mm., T. 97.6, cul. 24.3, 
Depth at base, 12 mm., Wt. 67.6 gms. Three females (wings, and tail 
feathers worn); L. 190 mm„ W. 100.6 mm., T. 71 mm., cul. 18.6 mm.. 
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depth at base 10.8 mm., Wt. 41 gms. Both sexes in series exhibit the 
colour characters attributed to the form. 


cT 

cT 

9 

cf 


^ :une 4, Emo. 

, 'une 18, Emo. 

, uly 3, Off Lake. 
. uly 3, Off Lake. 


2 Imm. (f d' July 3, Off Lake. 

9 July 8, Off Lake. 
9 July 10, Off Lake. 


Icterus galbuia. Bai.ttmoke Oriole. — Rather an uncommon 
species but observed throughout the region and established as a breeding 
bird. The first brood of young observed out of the nest was on July 7 
at Off Lake. The two males collected are somewhat more brilliant in 
colour than the average for males in the Museum’s series from southern 
Ontario. 


cT June 6, Emo. Juv. 9 July 9, Off Lake. 

d' June 27, Emo. Juv, 9 July 19, Big Fork. 

9 July 5, Off Lake. 

Quiscalus quiscula. Crow Blackbird. — Common and noted 
regularly in all areas visited. Many nests were found in early June in 
the vicinity of Emo. Young out of the nest were noted near the end of 
June and by the first week of July ( at Off Lake) large flocks had 
congregated. 

Juv. 9 June 30, Emo. 9 July 17, Big Fork. 


Molothrus ater. Cowbird.— Observed at all camps; common 
about farmland but less numerous in wilder sections. The species has 
undoubtedly increased since the advent of agriculture in the region. 

The adult female collected, though indicating the racial probabilities 
of the species in the region, would scarcely be sufficient basis for even a 
tentative conclusion. However, a good series of specimens from a 
section of Ontario adjacent to western Rainy River District, aids greatly 
in the matter. Female Cowbirds from this region average warmer in 
colour below and on the side of the head, and possess, on the avenge, 
more extensive and conspicuous dark riiaft mar^ on the feathers of the 
ventral surface than birds from southern Ontario. The pale area on the 
throat of eastern birds shows a great deal of individual variation in 
conspicuousness. In the western series at hand this character is 
markedly uniform. The series of specimens from the west riiows a 
tendency toward a slender beak, i.e., compressed laterally at the middle. 

The average measurements of six males from this region are: L. 
195.8, W. 111.6, T. 75.4, Exposed culmen 17.4. The average measure* 
ments of eight females from this region are : L. 179.7, W, 101, T. 69.8, 
exposed culmen 15.8. These measurements are intermediate between 
measurements of eastern birds as taken from southern Ontario summer 
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specimens and the measurements (of males) tabulated by Grinnell 
(1909) for western birds. 

The Cowbird population of this portion of western Ontario probably 
was derived from the south (ater) and from the west (artemisiae). 

9 June 4, Emo. Juv. 9 July 30, Rainy River. 

Juv. — July 21, Big Fork. 

Piranga etythromelas. Scarlet Tanager. — Met with rather 
irregularly in the more southern districts probably because of the dis- 
continuity of the forest, but the .species was regularly observed in the 
wilder parts of the north. It was not common in any district, which is 
more or less a characteristic status of the species in any part of its 
range. Singing males, found in definite and restricted situations during 
the summer, were the nearest approach to establishing the breeding status 
of this species in the region. 

9 July 1, Off Lake. cT July 2, Off Lake. 

Hedymeles ludocivianus. Rose-breasted Grosbeak. — Observed 
regularly but not commonly at all camps. A young of the year, un- 
doubtedly reared locally, was collected. 

<?* June 17, Emo. Juv. — June 19, Big Fork. 

Hesperiphona vespertlna. Evening Grosbeak. — Observed on 
three occasions from our camp at Emo, one on June 1, one on June 6, 
and four on June 6. On June 7 eight adults were found in a scattered 
flock in the town of Fort Frances. They were feeding about the box 
elders in the small park in the centre of the town’s business section. 
The female specimen collected (a characteristic representative of the 
form H. V. vespertim) had a bare belly and was alone in a heavy, old 
mixed woods near Emo. Another lone individual was seen on July 6 
at Off Lake. 

9 June 1, Emo. 

Carpodactts purpureus. Common Purple Finch. — ^This species 
was recorded regularly from all camps. A nest with fresh eggs was 
found at Off Lake on July 12. It was situated 3& feet from the ground 
near the top of a balsam fir in an old dense mixed forest. The nest 
was found to be built of usnea moss interspersed with the stems and fine 
stocks of some dry plant. The female, collected on June 1 near Emo, 
possessed a well-d^loped egg in the oviduct. 

9 June 1, Emo. cf July 18, Big Fork. 

Juno 10, Emo. 
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Splnus plniis. Pine Siskin. — ^This species was noted irregularly 
during the summer at Emo and at Off Lake. It was seen singly, or in 
flocks, without respect to the advance of the summer. 

Spinus tristis. American Goldfinch. — A common species 
throughout the region, slightly less numerous in wilder, more heavily 
forested sections. The two males collected have been carefully com- 
pared with birds from southern Ontario. The yellow of the ventral 
surface of these birds is purer, more nearly a lemon chrome, not as 
lemon yellow as specimens from southern Ontario. Abrasion of the 
feathers of the wings prohibits a satisfactory comparison as to their 
pale edgings. The white markings on the tail are not notably ex- 
tensive. The two specimens present the following average measure- 
ments: L. 123.5, W. 72.2, T. 49.2, exposed culmen (one specimen) 
11.6, Wt. 12.5 gms. These measurements are but slightly larger than 
those of a series from southern Ontario. With the mention of a slight 
tendency toward the western form S. t. pallidus, the Rainy River 
specimens are referred to the eastern form, S. t. tristis. 

cf June 13, Emo. d* Aug. 0, Rainy River. 

Passerculus sandwichensU. Savannah Sparrow.— This species 
has undoubtedly increased in this region since the establishment of 
clearings for farms. We observed it as regular, common and well- 
distributed throughout sections visited, within the range of cultivation. 
It was not seen in the wilder lake country to the north. A nest with 
four fresh eggs was found near Emo on June 6. It was situated in a 
three-inch depression in the ground bordering a hay-field. 

Comparison of the Rainy River series of specimens with summer 
birds from southern Ontario (regarded as P. s, savanna) shows some 
significant differences. The Rainy River specimens have a generally 
paler aspect dorsally. They are more finely-marked, i.e. the black 
stripes on the dorsal feathers average narrower and there is an absence 
of the slight brownish tint of eastern birds, which colour borders the 
black dorsal stripes on many of the southern Ontario specimens, Below, 
the dark markings are somewhat sparser than on eastern birds. There 
is a notable tendency in the Rainy River specimens toward a pale or 
whitish superciliary stripe. 

Compared with specimens from northeastern Utah (regarded as 
P. s. neoadensis) the Rainy River specimens are not as pale and have a 
distinctly longer beak. Specimens from northeastern North Dakota 
are like the Rainy River specimens in colour, tone and pattern, but 
they possess shorter beaks. (Av. 9.4 mm.). Specimens from the 
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southern prairie provinces are similar to the Rainy River birds but H 
has been noticed that the dark breast streaks tend to become paler 
westward. The juvenile bird from Rainy River is paler than juveniles 
from the east. The average measurements of the nine males from 
Rainy River are: L. 136.6, W. 67.8, T. 48.3, exposed culmen 11.2, 
Wt. 17.9 gms. 

Although our understanding of the distribution and variation of this 
species is in an incomplete state and certain nomenclatural problems 
are still to be settled, the writer would refer the Savannah Sparrow of 
western Rainy River District to the form, P. s. alaudinus, within the 
A. O. U. (1931 Check-list) meaning of the name, or P. s, campesiris of 
Taverner. 


cf 

9 

cf* 

cf 


une 5, Emo. 
une 6, Emo. 
une 17, Emo. 
une 19, Emo. 
une 22, Emo. 


9 

d* 

cf 

Juv. 9 
2 d* d* 
d* 


[une 27, Emo. 

[une 27, Emo. 
uly 17, Big Fork, 
[uly 19, Big Fork, 
iuly 25, Big Fork, 
uly 29, Rainy River. 


Pooecetes ftramineus. Vesper Sparrow. — A common species, 
only slightly less so than the Savannah Sparrow, and similarly dis- 
tributed. We did not observe the species at the Off Lake camp. 
Undoubtedly this species has also flourished with the clearing of the 
land. It nests about the fields and pastures, young in the nest being 
evidenced by parent birds carrying food, on June 16, and subsequently. 

The series of adult specimens has been compared with a series from 
southern Ontario and found appreciably paler dorsally, slightly more 
sparsely and narrowly streaked on the breast, and distinctly larger. 
The tawny brown wing-mark, characteristic of the species, is also 
markedly paler. They are very similar to specimens from Manitoba 
and the prairie provinces. Juveniles from Rainy River are also paler 
than eastern birds of like age. 

The average measurements of five males collected are as follows: — 
L. 162.8, W. 82.6, T. 63, exposed culmen 12.6, Wt. 26.7 gms. The 
Vesper Sparrow of this region is referable to the western form P. g. 
confinus. 



[une 4, Emo. 
[une 6, Emo. 
fune 15, Emo. 
[une 22, Emo. 


2 cf cT June 22, Emo. 

Juv. cT July 31, Rainy River. 

cf Aug. 1, Rainy River. 
Juv. d* Aug. 3, Rainy River. 
Juv. 9 Aug. 3, Rainy River. 


Junco hymiatls. Slate-colored Junco. — ^An uncommon species 
but noted occasionally at all camps. Evidence of breeding was noted 
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on June 21, when a female was seen procuring deer hair for a nest. 
The form of the region is J. h. hyemalis. 

9 June 21, Emo. Juv. — July 21, Big Fork. 
d June 21, Emo. 


Spizella passerina. Chippincf Sparrow.— Not common but 
generally distributed; seen most regularly at our Off Lake camp. A 
nest was found in the town of Fort Frances on June 7th. 

Comparison of the specimens secured has been made with a large 
series across Ontario. Both the grey and rufous colours of the plumage 
show a marked paleness as compared with specimens from southern 
Ontario. Final comparison was made with washed skins from the east 
to eliminate the possible effect of dirt and discoloration. The differences 
as noted above were still apparent. 

The four adult specimens without segregation by sex give an average 
measurement as follows: — L. 137, W. 74, T. S9, exposed culmen 10.3, 
Wt. 12.9 gms. These averages are larger than for southern Ontario 
birds, similar to western Canadian representatives of this species and 
similar to specimens from western U. S. (Utah) but do not average 
quite as pale as the latter. The Chipping Sparrows from Rainy River, 
though somewhat intermediate, are referred to the western form, 5. p, 
arizonae. 

cT Tunc 17, Emo. d* July 8, Off Lake. 

9 June 25, £mo. d Aug. 7, Rainy River. 


Spizella pallida. Clay*colored Sparrow.*— A common species 
throughout the cleared portions of the region; rare in wilder sections to 
the north. The species is established as a nesting bird as Indicated by 
our having collected young of the year. It seems probable that this 
sparrow has come to occupy the Rainy River District Within com* 
paratively recent times, perhaps the present century. 


d d 
d 
9 
9 


une 8, Emo. 
une 17, Emo. 
uns 20, Emo. 
une 22, Emo. 


d July 15, Bk Fork. 
d July 29, Rainy River, 
iuv. 9 Aug. 1, Rainy River, 
uv. 9 Aug* 4, Rainy River. 
d Aug. 6, Rainy River. 


Zonotrichla alUcolUa. White-throated Sparrow.— A fairly 
common etpecies through most of the area; common in wilder sections. 
Several nests were found during the summer, the earliest, containing 
three eggs, was noted on Jtme 5, near Emo. 

d' July 10, Off Lain. Juv. d July 81, Rainy River. 
d July 17, Big Pork. 
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Melospiza geor^na. Swamp Sparrow.— Observed regularly but 
not commonly at all camps in the region. Young birds, obviously 
reared locally, were observed late in the summer at Rainy River. 

July 3, Off Lake. cT July 26, Big Fork. 
d' July 9, Off Lake. 


Melospiza melodia* Song Sparrow. — common species through- 
out the region. A set of four fresh eggs (and one Cowbird egg) was 
collected at Off Lake on July 5th. This would appear to be a second 
clutch since flying young were in evidence during this period of the 
summer. 

Comparison of the series of specimens secured leaves no doubt that 
the Song Sparrow population of western Rainy River District is of the 
Dakota Song Sparrow race, M, w. juddi. 


9 

9 

d 

& 

9 

9 


^ unc 1, £mo. 
^ une 11, Emo. 
, une 11, Emo. 
, une 17, Emo. 
^ une 10, Emo. 
. une 20, Emo. 


9 

2 d & 
9 

Juv. 9 

& 

d 

Juv. 9 


July 3, Off Lake. 

. uly 3, Off Lake. 

, uly 6, Off Lake. 

' uly 7, Off Lake, 
uly 16, Big Fork. 

. uly 24, Big Fork. 
Aug. 7, Rainy River. 
Aug. 8, Sable Island. 
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THE NATURAL RESOURCES OF KING TOWNSHIP, 
ONTARIO, 1938* 

K. M. Mayall 
Introduction 

^^HE Township of King, York county, Ontario, is an area of nearly 
140 square miles, its centre about twenty miles north-north*west of 
the city limits of Toronto. (Map 1). From Yonge street, which marks 
most of its eastern boundary, the township extends westward fifteen miles 
to the Peel county line. The southern boundary is Vaughan township, 
and the northern is Simcoe county and the west branch of the Holland 
river. 

Most of the township is rolling or hilly country, with a well-marked 
divide running from east to west across its centre. This ridge is the 
height of land between lake Ontario and lake Simcoe. Streams rising 
on the abrupt northern slopes of the township drain rapidly down to the 
flat land of the Holland marsh, where a canal diverts the waters around 
a part of the marsh now reclaimed, and on into the west branch of the 
Holland river and lake Simcoe. From the southern slopes the streams 
drain more slowly, forming tributaries of the Humber river, which crosses 
the south-western corner of the township on its way to lake Ontario. 
Included in the township are twelve small moraine lakes. All of these 
lie south of the height of land. 

Altitudes vary from a minimum of about 670 feet, on the Humber, to 
more than 1,200 feet on the ridge. 

The mean annual temperature is 43° Fahrenheit. The average daily 
maximum temperature varies from 80° in July to 26° in February, and 
the average minimum from 56° in July to 7° in February. Normal annual 
precipitation is 28.94 inches. The total average snowfall is close to four 
feet. These figures refer to Oak Ridges in the east end of the township. 

*The Survey of King Township as reported here was suggested and financed by 
Mr, Aubrey Davis of Newmarket, Ontario. An advisory board consisting of members 
of the staff of the University of Toronto, the Royal Ontario Museum of Zoology and 
the Secretary of the Ontario Hunters’ Game Protective Association assisted in 
directing the survey. 
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Settlement and Population 

The first white settlers arrived near the site of Nobleton before 1790, 
coming north from Kleinburg, through the woods which then covered the 
whole township. In 1794, Governor Siracoe, who had traversed the 
Indian portage across the township from the Humber river to a point on 
the Holland river in the previous year, chose and surveyed the route of 
Yonge street. In 1800, when the township was first surveyed, there were 
twenty residents. 

The abundance of water power, the heavy stands of available timber 
and the rich clay loam soils which covered much of the township, made 
it an attractive region for settlement; but regular communications were 
lacking until 1825. In that year Lewis Bapp first ran a “light covered 
wagon for the accommodation of travellers between York and Holland 
Landing”. The population then rose rapidly. Sawmills, woollen or 
carding mills, grist mills and tanneries were rapidly built, and by 1842 
there were more than 2,500 people in the township. 

The linking of Toronto and Aurora by railway in 1854 brought a 
further influx of settlers, bringing the population to a peak of 7,500 in 
1871. Already by that date almost all the available farming land was 
cleared and cultivated. The falling off of the local industries since that 
time in the ten villages in the township has caused a steady drop in the 
population, which was listed in 1936 as 4,636. 

Occupations 

The population of King township is widely scattered, and concerned 
almost exclusively with mixed farming, oats and wheat being the common- 
est grain crops. Nearly all farms have a herd of dairy cattle. Very few 
farmers keep sheep. There is one large fruit farm, where apples are 
grown for the Toronto market. Formerly all the cleared land was owned 
or rented by fanners, but in 1937 twelve per cent of the cleared land was 
in the hands of non-resident (city) owners, either held for resale or used 
for summer residences. 

The sole remnant of the former industrial activity in the township is 
a planing mill at Schomberg. The three remaining grist mills are at 
Schomberg, Kettleby, and Kinghorn. None of them use water-power. 

Distributing centres include the large villages of Schomberg and King, 
and lesser settlements at Nobleton, Kettleby, Lloydtown, Pottageville, 
and Laskay. Other settlements include two large private schools, one 
community farm, and one eight-hundred-acre farm run by a resettlement 
organization. 
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A recent development is the attempt to establish a market garden 
settlement on the peat soil of the Holland marsh, reclaimed in 1927. So 
far the expense of draining the marsh does not appear to have been 
justified. 

In 1938 a dehydrating plant was built and opened at Schomberg. In 
this plant alfalfa is rapidly reduced to a more efficient fodder. Thirty 
men will be employed six months per annum at this work. 


Methods of Survey 

Maps, Base maps were prepared on a scale of 4 inches to the mile 
from enlargements of the military maps covering the area. 

Interviews, There are about 620 farms of more than 25 acres now 
being worked. More than 90 per cent of these farms were visited. 
Forms were prepared on which the basic data obtained from interviews 
with 504 farmers were written. The information was recorded covering 
soil, water, wildlife, vegetation and available tree-planting land. With 
few exceptions all the woodlots in the township were visited. The farmers’ 
estimates of acreage of woodlands were checked against the woodlands 
estimates for each farm in the township assessment book. Wherever 
there was a doubt about the reliability of these figures they were checked 
against a complete oblique aerial photographic survey of the township. 
For this survey the roads and fences were considered to be satisfactory 
grid lines. 

A representative census was made of the opinions and wishes of the 
farmers concerning hunting and game. 

Animal Census, The purpose of the bird census work was to have 
a representative set of population figures for the township in its present 
condition for comparison with any possible future conditions. R. D. 
Ussher, B.Sc.F., and D. A. Ross were engaged for the summer months 
to make studies of the population density of birds, particularly, and 
other wildlife, on sample strips and plots selected as average for each type 
of cover in the township. Ussher and Ross also made an extensive general 
survey of the population and breeding grounds of the larger birds, such 
as ducks, pheasants, partridges, hawks, and owls, which could not be 
censused by the sample plot or strip method. 

Ducks, The wild duck population of the township, as observed by 
Ussher and Ross, showed such unusual differences in density on par- 
ticular ponds, that a special investigation of nine selected waters was 
made during September by W. K. W. Baldwin, M.A. The location, 
grouping, water level and depth, and the types of shore line of these 
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waters were studied. Close to 500 food and cover plants were collected 
and identified. 

Fish. The project is indebted to Professor Harkness and Professor 
Dymond for their cooperation in examining many of the streams of the 
township. Representative samples of the fish and invertebrate fauna 
were taken in June by seining at typical places on all the permanent 
streams and several temporary streams in the township. The types of 
water, the temperatures, and the bank cover were also recorded, with 
recommendations for possible improvement work. An additional study 
was made of two of the streams in August. 

Headquarters. Work was begun in the township on May 1st, with 
headquarters at King Creek farm. During July the headquarters were 
moved to Pottageville, for two weeks, and then to Kettleby, and field 
work was continued from there until December 21st. When in January 
draughting facilities were required, apace was made available in the 
Biological Building of the University of Toronto, through the cooperation 
of Professor Harkness and the Department of Biology. Here large scale 
maps were prepared for demonstration purposes, of which the maps 
included in this report are reduced copies. 

Literature. All the available information on the ownership and area 
of individual lots in the township was made available to the survey by 
the Reeve and Council of King township, to whom this survey is greatly 
indebted. 

The work of the survey was greatly simplified, so far as ground water, 
soils, and wildlife were concerned, by reference to three reports: 

(1) A faunal investigation of King Township, York County, Ontario, 
by L. L. Snyder and E. B. S. Logier. Contributions to the Royal Ontario 
Museum of Zoology, No. 3, 1930. 

(2) The physiography of South Central Ontario, by D. F. Putnam, 
and L. F. Chapman. Ontario Rese:trch Foundation. 1936. 

(3) A report of the Dominion of Canada Soil and Ground Water 
Survey, Department of Mines and Resources, Ottawa. 1937. 

Record. The detailed record of all work done^ information obtained 
from interviews with farmers and others, recomntendations, maps and 
plans, is on file and available for reference at the Royal Ontario Museum 
of Zoology, Toronto. 

Soils 

The geological history of King township has given rise to three main 
types of soils. The distribution of these soils is shown on Map 3. 

There is no rock outcrop. The Lorraine and Utica shales underlying 
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the area are throughout overlain by clays or sands more than a hundred 
feet thick. 

1. Kame Area (Map 3). Most of the Kame Area is what is known 
to the farmer as “light land”. The ridge of hills across the township 
consists mainly of sands and gravelly clays, with some coarse gravel. 
The bedrock now covered by this ridge lay between two parallel lobes of 
the Wisconsin or last retreating ice sheet. Torrential meltwaters carrying 
sand and gravels from the glacial drift laid down these soils. Silts were 
laid down in slower moving waters. The steep slopes and the light and 
rather acid soil make much of this land totally unsuited to agriculture. 

2. Peat and Muck Soil Area. The valley of the Holland river was 
once the floor of a bay of glacial lake Algonquin. The sediments in this 
lake accumulated forming a heavy clay. After the shrinking of lake 
Algonquin this bay became an arm of lake Simcoe, and aquatic vege- 
tation appeared in the shallow waters. The clay beds which lie in shallow 
ridges and pockets were gradually (for at least 2,000 years)* overlain with 
from four to twelve feet of peat. The flatness of the valley and the clay 
ridges prevent rapid drainage and hence the water table is still close to 
the surface of the peat. 

Favourable reports of the possible value of the peat soil for market 
garden crops led to the drainage of 7,260 acres of this land in 1927, A 
dyke now encloses the reclaimed area, cutting off a part of the Holland 
river** which winds through the marsh. The outside swamp water is 
carried off by a canal outside the dyke, and all water collecting on the 
drained area passes into the old course of the Holland river, and is 
pumped out at Bradford bridge. Since there is now little or no current 
in the Holland river, it is rapidly becoming silted and overgrown with 
vegetation, thereby further impeding the drainage. 

3. Clays and Clay Loams. In the remainder of the township the soil 
consists for the most part of clays, clay loams, and silts. There are lacus- 
trine sediments (varved clays and silts), ground and terminal moraines, 
which are unmodified glacial drifts, and lastly alluvial silts of recent 
origin. 

Most of the soil in this area, being developed from calcareous till, 
makes excellent farming land, but the soil is far from uniform. Within 
the major clay and loam area many types of soil occur, the land varying 
from the limestone rock flour of the Schomberg clay, with over 60 per cent 

*AppIymg' the average of three eatimatee for rate of growth of peat. JSeefery, V<rf. 
XIII, No. 1. 

*rrhe Schomberg river (Map S), also called the Holland river, is the west brandi 
of tho Holland river. 
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calcium carbonate, to the many small lenses of fine sand which occur 
sporadically throughout the township. East of Schomberg the boulder- 
strewn and sandy shore line of old lake Algonquin can also be seen in 
many places, forming land suitable only for pasture or forestry. 

TABLE I 

A Summary of the Physiographic Regions of King Township 
Clay and Loam Soils 

(Good farming land) Ground moraine 

Terminal moraine 

Schomberg lake plain .... 

Alluvial silts 

Peat Soils Algonquin lake plain 

Kame Area Interlobate deposits ...... 

(Some good farming land, 

but mainly light sands and 

gravelly clays). 

Former Conditions 

In appraising the significance of the present situation in King town- 
ship, some knowledge of the former conditions is essential. 

At the time of settlement. King township, apart from the flat open 
valley of the Holland marsh, was covered with a heavy growth of mixed 
hardwood and coniferous forest. The township lies in the Transition 
Zone between the deciduous forests of the Niagara-lake Erie region and 
the coniferous forests of northern Ontario. 

The most striking feature of the forest in this zone was the wide variety 
of major dominant tree species. The prevailing tree association was one 
with trees of all ages present, the Sugar Maple-Beech climax, a northern 
extension of the deciduous forests. These trees were often intermixed 
with White Ash, White Elm, Red Maple, Yellow Birch, Hornbeam, Bass- 
wood, Black Cherry, Red and White Oak, and Large Toothed Aspen. 
The great tolerance to shade of the Maple-Beech association, and the 
favourable climate and soil, caused it to encroach gradually northward 
on the competing and less tolerant coniferous forest after the retreat of 
the last ice front. The relicts of the former southern extension of the 
coniferous forests, White and Red Pine and Hemlock, occupied the cool 
northern slopies, the deep valleys and many of the sandy ridges of King 
township. 

Where destructive fires and windfalls opened up clear areas, White 
Birch, the Aspens and the two Pines formed second growth even-aged 
stands within the mass of deciduous forest. White Cedar played a secon- 

•This acreage does not include road allowance, which is a total of about 1,700 acres. 


20.000 acres 

34.000 “ 

3.000 “ 

6.000 “ 63,000 

12.000 “ 12,000 

13,000 “ 13,000 

*88,000 acres 



STUMP FENCE 

These White Pme stumps are relics of the former dense forest which covered 
King township. The sandy ridge land shown is no longer of value to the farmer who 
owns it. Under the King township plan it would be reforested. 
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dary role in the forest. Its inability to compete with the rapid-growing 
species on dry soils confined it to the wetter valleys and the swamps, 
accompanied by Black Ash, Black Spruce, Alder and Willow, and occa- 
sionally Elms. The Tamarack, even more sensitive to competition and less 
sensitive to high soil moisture than the White Cedar, fringed the Holland 
marsh and the small moraine lakes lying at the base of the southern 
slopes of the watershed. Two grasses* dominate the open Holland 
marsh vegetation, separately forming almost pure carpets thousands of 
acres in extent. 

Such was the appearance of the township before the coming of the 
settler. 

The clearing and settlement of the land followed three main routes 
north and east from Nobleton, west from Oak Ridges, and west from 
Aurora to Lloydtown. A generalized summary of the woodland cover 
about 1840 is shown in Map 4. This date was chosen for study because 
at that time there was little or no damage from erosion or water loss, and 
the country probably supported a maximum of game and the larger forms 
of wildlife. Close to two hundred miles of large and small streams ran 
permanently from springs in the watershed. Most of these streams were 
well stocked with brook trout and other fish. Many small swamps held 
a further reserve of water. The newly cleared and humus-filled land 
needed little fertilizing to produce heavy crops. The many forest edges, 
where cleared fields and both open and closed woods offered a wide variety 
of food and shelter, supported a flourishing population of game, fur and 
other wild animal life. 

At that time more than 60 per cent of the township was still uncleared. 
But already the wooded areas were rapidly being cut over for square 
timber, lumber, shingles, fence posts and rails, By 1861 there were 
twenty-one sawmills in operation in the township. The peak of lumber 
production was probably reached about 1860. The removal of mature 
timber in itself had little permanent effect on the soil water and wild 
animal population of the township. The clearing and grazing of wood- 
lands were more significant. The effects of this heavy drain on the 
covered land of the watershed were soon felt. By 1890 clearing and 
overgrazing of the high lands had continued to such an extent that much 
of these lands no longer retained their moisture through the summer. 
The rain falling on the ridges drained rapidly down to lake Ontario and 
lake Simcoe, removing much of the topsoil as it went. Many of the 
small swamps throughout the township were drained to increase the 
farming land . The lowered water table cut off the flow from many 

*CalamatrosHs canadensts Michx, Beaux , and Agrestii ttolonifera L. 
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springs, ending the fish life in the streams they fed. At the same time 
extensive trapping and hunting reduced the wildlife population. 

As the wood reserves were depleted, the sawmills gradually went out 
of business. The Cedarvale mill at Pottageville, which had been the 
first stationary sawmill to operate in the township, was also the last 
remaining one. It was dismantled and sold in December, 1937. 

Present Conditions 

1 

ChOUNO COVER 

The basic conditions of ground cover and surface water as of 
January, 1938, are shown on maps 5 and 6. These maps are reduced 
copies of the more accurate large scale maps (scale 4 inches to one mile), 
prepared for demonstration purposes. 

Since the Holland marsh area is not typical of the township as a whole 
and since a large part of it has been set apart under the provincial Holland 
Marsh Drains^e Act, it has been treated separately, and no recommends* 
tions with regard to its future are included in this summary. An arbitrary 
line marking off some 6,000 acres of the marsh area as a separate unit is 
shown on map 3. 

Amount of Tree Cover. The percmtage of wooded land required to 
maintain a sufficient water supply for farm use and to ensure soil conser* 
vation and wildlife shelter varies according to soil type, climate, the slope 
of the land, method of agriculture and the species of trees involved. In 
rolling land such as the township of King there is no doubt that at least 
15 per cent of well spaced ungrazed woods is essential. 

It will be seen from Table 2 and Mnp 6 that only 4,042 acres, or 4.9 
per cent of the township, now remains in ungrazed woods. These figures 
exclude the Holland marsh area but include the Pottageville woods. A 
further 4,499 acres of land is covered with woods or pastures in which 
overgrazing has left little or no young growth present. Such woods are 
no longer efficient in water-holding capacity. They supply no sustained 
yield of fuel for the farmer, and they provide little or no shelter for wild- 
life. The addition of all the overgrazed woods to the present ungrazed 
woods in the township would only raise the percentage of all types of 
cover in the area to 10.4 per cent. The results of the survey of water 
conditions and soil erosion show that this percentage Is quite inadequate 
to keep the land in a stable condition for the best use of its inhabitants. 

Character of Tree Cover. The previous cuts have greatly affected the 
character of the remaining tree cover in the township. The woodlots 
tend to lie in continuous strips parallel to the concession lines and in the 
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centre of each lot, since the clearing of each half lot of 100 acres began 
from the nearest road, working gradually back to the centre of the con- 
cession. Hence, apart from the central ridge woods, the location of 
woodlots on particular farms has little or no relation to poor soil condi- 
tions but is a haphazard arrangement. 

Weed trees such as Hornbeam have increased owing to their being left 
uncut when the more valuable trees were taken. More than 90 per cent 
of the present woodlands is composed of deciduous associations. Only a 
few small stands of White and Red Pine now remain, but the many 
stump fences show the former importance of these species. Most of the 
deciduous stands, being of second growth origin, following early legging, 
show a high proportion of trees more than 35 years old. Control of the 
annual growth in such stands is difficult. Even if heavily overgrazed 
and low in basal area per acre, having no young growth present, they still 
show a considerable increase in total volume every year. Such woodlots 
will become mere pastures dotted with stumps, when the present stands 
are removed, unless they are fenced from cattle and replanted imme- 
diately. 

The end of cultivation of former fields has led to the development in 
the township of cedar pastures, grassy slopes with many young White 
Cedars scattered over them. There is much of this land on the northern 
slopes of the township, facing the Holland marsh. 

The age of individual woodlots is of little fundamental importance 
in this report, since all woodlots handled on the basis of sustained yield 
contribute permanently to the preservation of the soil, water, and wild- 
life, whatever the age of the oldest trees, and whatever the particular 
method of cutting. But it should be noted that the present high pro- 
portion of even-aged woodlots of age exceeding 35 years will certainly 
result in a heavy drain on the timber in the township in the near future. 

Present Volume of Standing Cordwood. The woodlands of King town- 
ship include many different forest types and many degrees of site and 
stocking.* In such lands any estimate of standing wood not based on a 
percentage cruise can be at the best only a careful guess, but it is neces- 
sary to make an estimate of the present value in King township for com- 
parison with possible growth and volume in future years. 

Since the saw-timber in the township is no longer sufficient to keep a 
permanent sawmill at work, estimates will be based on total volume of 
“forest cordwood”. At the time of settlement large areas of King town- 
ship undoubtedly carried timber of 100-120 cords per acre. The estimates 

*A ststiatical anslyiit of two typical woodlots in the township has been prepared, 
and is available for reference. 
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of W. N Millar for York county, in the Dominion Fuel Board ^^Report 
on the Fuelwood of Ontario. 1924'*, showed 700,000 cords of fuelwood 
contained in 47,400 acres of woodland, an average of about 14 cords per 
acre of woodland 

The woods m King township may show a higher average than the 
above since there is more woodland not on occupied farms in King town- 



AN OVERGRAZED WOODLOl 

This woodlot, containing the only tree cover on a 1,000-acre section of land 
near Schomberg, consists of five acres of heavily overgrazed hardwoods, with no 
young trees present Trampling of the ground by cattle has disturbed the delicate 
relations between roots soil and soil-water Hence many of the trees are now dead 
or dying 

The woodlot could be restored to a healthy condition by the following simple 
means removal of all unproductive trees, fencing of the woodlot from cattle; and 
the planting of all available space with valuable species such as White Ash. The 
five acres would then be a valuable asset to the farm, producing an annual crop of 
wood, conserving soil moisture, and incidentally providing food and shelter for 
wildlife 
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ship than over the county as a whole and hence less overgrazed wood- 
lands, and since the many second-growth stands have been increasing 
rapidly in volume since that estimate was made. But heavy cutting in 
some areas has reduced a part at least of the increase, and 14 cords per 
acre may be taken as a fair average in the township over woods of all 
kinds, grazed and ungrazed. The 8,500 acres of woodland in King town- 
ship (exclusive of the Holland marsh), will thus contain about 120,000 
cords of standing wood. At least 23,000 cords, estimated, of fence 
material is also available as possible fuel-wood.* 

Present and possible growth. Almost all the woodlots in King town- 
ship are seriously understocked. Most have a heavy preponderance of 
the less desirable species. In very few is there any attempt at scientific 
management. The Dominion Fuel Board Report states, in part: ''Not 
over 10% of all classes of woodlots {in York county) are producing 
within 50% of the possible annual increment in wood volume per acre.'" 
It is improbable the average growth exceeds 0.6 cords per acre i)er annum. 
No data are available on the possible growth in well-managed mixed 
woods in Ontario, handled on the basis of sustained yield. But the hard- 
wood forests of the Michigan Agricultural College have been yielding at 
the rate of 1.2 cords per acre per annum, without reducing the growing 
stock. At this rate, if well managed, ungrazed and replanted in part, the 
8,600 acres of woods now in King township would produce more than 
10,000 cords per annum, without reducing the growing stock, instead of 
the present probable growth of about 5,000 cords per annum with a con- 
tinual drop in the growing stock from woodlands ruined by overgrazing. 


TABLE 2 

Summary of Woodlands in King Township 


Woodland type 

Exclusive of Holland 
Marsh 

82,240 acres 

In Holland 
Marsh 
6,000 acres 

Total in Township 
88,240 acres 

Woodland 

area 

Per cent of 
total in 
that area 

Woodland area 

Woodland 

area 

Per cent of 
total for 
township 

Ungrazed woods 

4,042 

4.9 

1,125 

6,167 

5.8 

Overgrazed woods. . . . 

4,499 

6.5 

12 

4,511 

5.1 

Total covered lands. . . 

8,541 

10.4 

1,187 

9,878 

10.9 


^Deduced from figures in the Dominion Fuel Board Report, with allowance for the 
rapid removal of wooden fence material now taking place. 
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Very few farmers in King township consider the pasture obtained in 
woodlands to be of much value. The co.st of fencing is probably the chief 
reason for the overgrazing of woodlots in the township. 

Water 

Of the 200 miles of permanent streams which formerly drained the 
township, only about 30 miles now remain. (Map 6). One example, 
which could be duplicated in many parts of the township, may show the 
great extent of the change. The Hall’s lake stream formerly supplied a 
permanent flow of water on which two factories and six mills, one of them 
with three pairs of stones, depended. This same stream was dry in 1936, 
and could not now in an average year run a single pair of stones. 

Twenty-eight mill ponds, which formerly held a constant supply of 
water for milling, are now reduced to one pond, every dam except one 
having failed. Local dam builders are responsible for this condition, 
caused by failure to increase spillway capacity of the dams as the deforest- 
ation increased the maximum rate of discharge. These dams were built 
to withstand average annual maximum discharge but could not even 
withstand floods to be expected in a ten-year period, as is seen in the case 
of the Kettleby dam, which has failed five times in the last fifty years. 

The mill ponds, with the permanent lakes and natural ponds for- 
merly existing, made up more than 600 acres of water surface, apart from 
the rivers. The present permanent water surface in King township, 
exclusive of rivers or canals, is less than 200 acres. 

The Bureau of Geology and Topography, of the Dominion Depart- 
ment of Mines and Resources, carried out a ground water survey includ- 
ing King township, during 1937. Of 1,672 wells in the township exam- 
ined during the course of the survey, 264 no longer can be relied on to 
supply a permanent flow of water, and 72 others, while permanent, no 
longer supply enough water for the needs of the farmers concerned. These 
facts lead to only one conclusion : that the ground water, or reserve of 
water supplying springs and wells, has been seriously lowered since the 
main woodlands in the township were cut off. It is interesting to note 
that the four permanent streams now draining the township all have their 
origin in areas of ungrazed woodland. 

Coincident with the lowering of the ground water level there has been 
a noticeable increase in the number and severity of both spring and 
summer floods. 

Wildlife 

In planning a survey of wide scope, to be completed in a single season, 
no time was available for methods of trial and error. One basic assump- 
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tion was made : that the nature and quantity of stream flow, water 
reserve, and tree cover were the fundamental factors controlling soil 
conditions and wildlife populations. Since stream flow and water reserve 
themselves depend mainly on available tree cover, the main effort of this 
project was concentrated on the woodlands survey. 

The low percentage of woods remaining, and the fall in ground and 
surface water have already been shown. The effect of these changes on 
the wildlife population must now be estimated. 

The detailed survey, ‘'A faunal investigation of King Township” by 
L. L. Snyder and E. B. S. Logier (1930) has made unnecessary most of 
the ground work which would ordinarily have been needed in studying 
the animal life of the township. The information recorded in interviews 
with farmers and trappers in 1937, and the census work of R. D. Ussher 
and D. A. Ross, substantially agreed with the findings of the Museum 
census. 

/. Mammals 

Little is left of the dense population of game, fur and other mammals 
which formerly inhabited the township. Winter trapping is still carried 
on along the edges of the Holland marsh and the principal watercourses. 
Sixteen trappers were interviewed. All of them reported the near extinc- 
tion of all the larger fur bearers in King township. 

Some examples may indicate the general situation. The last lynx 
was shot in 1883, the last bear in 1888. The beaver colonies long ago 
deserted the township, though one beaver at least paid a visit to the 
drainage canal in the township while the 1937 survey was in progress.*** 
A few muskrat and skunk are still trapped, and occasionally mink and 
raccoon. 

The Holland marsh and the remaining woodlands on the untillable 
ridges have protected several species, such as the porcupine and the 
varying hare, which are seldom now found in adjacent areas of southern 
Ontario. 

On the edge of the marsh the second growth hardwoods have pro- 
vided an excellent habitat for the white-tailed deer. At least four groups 
of deer were present in 1937. They show no tendency to yard in winter. 
A few pass the summer on the central wooded ridges, returning to the 
marsh area for the winter. Their route crosses the main road east of 
Pottageville. Some are illegally shot every winter, and some have been 
killed by dogs, but they are not subject to attack by wolves, and appear 
to be increasing in numbers. The locations of the four groups of deer 

•Remnants of old beaver dame are reported at Nancy Lake Farm, and also on a creek 
near the eighth concession road a mile east of Nobleton. 
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in December, 1937, are shown on Map 5. The total number of deer 
in the township is close to forty. Estimates by those living on and 
near the marsh have been as high as 400, and most were over fifty. 
The deer undoubtedly do some damage to fall wheat, in the fields 
close to the marsh. 

The complete change in habitat conditions in King township from 
the former well-wooded lands to the present open type is well shown by 
the rapid increase in numbers of the European hare. This open-land 
species, first introduced at Brantford, Ontario, in 1922, and unrecorded 
in the township until 1925, has become in twelve years the commonest 
game animal in the township. Unlike the other ne^\ comer, the ring- 
necked pheasant, it easily survived the severe winter of 1933-34. Most 
of the farmers in the township are pleased to see the hare shot, as it does 
considerable damage to fall wheat. The cottontail, considerably less 
abundant than the European hare, does little damage, apart from des- 
truction of tree plantations. It is found only in swales and thickets. 

The groundhog or woodchuck, not strictly a game animal, has been 
hunted persistently for many years. It is very common on all the higher 
lands in the township, and is an easy shot for the inexperienced sportsman. 
It does much damage to pastures and grain fields, and hence is shot by 
many farmers, some of whom took advantage of the bounty offered on 
groundhog snouts in 1936-37 by the Toronto and North York Hunt Club. 
This Hunt, which for many years hunted the red fox in King township, 
is now reduced to drag-hunting in that area, as foxes are too scarce to 
yield sport. Few foxes have beeen caught by trappers in recent years. 
The huntsman believes there are now ‘iess than five** foxes in the twenty- 
five square miles of the township hunted over by the club. 

The intensive census of the smaller mammals carried out on sample 
plots, shown on Map 9, in 1937 by D. A. Ross was intended only as a 
measure of comparison of present abundance with that of future years, 
and will not be discussed in detail here. Ross reported that '‘mice** in 
general were not sufficiently common in the township to cause much 
damage to crops or trees during the summer of 1937. Latest indications 
are, however, that the meadow mouse has caused a great deal of damage 
to both hardwood and conifer seedlings and saplings during the winter 
of 1937-38. 

The mammals now remaining in King township include the following 
species. 

Star-nosed Mole Little Brown Bat 

Cinereous Shrew Big Brown Bat 

Smoky Shrew Silver Haired Bat 

Mole Shrew Raccoon 
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Bonai>arte Weasel 

New York Weasel 

Mink 

Skunk 

Red Fox 

Woodchuck 

F^stern Chipmunk 

Red Squirrel 

Black or C»rcy Squirrel 

Northern Flying Squirrel 

Baird White-looted Mouse 

White-footed Mouse 


Bog Lemming 

Meadow Mouse 

Muskrat 

House Rat 

House Mouse 

Meadow Jumping Mouse 

Woodland Jumping Mouse 

Porcupine 

Varying Hare 

European Hare 

Cottontail 

White-tailed Deer 


It has already been mentioned that in its vegetation King township 
lies in the Transition Zone between the deciduous forests of the lake 
Erie region and the northern coniferous forests. The alx)ve list shows 
the fauna also to be a mixture of northern and southern species. The 
occurrence of the cottontail and the porcupine in close proximity in 
the township is an example of this transitional character of the fauna. 


//. Birds 

King township has a greater variety of bird life than most areas of 
its size in southern Ontario. This is due to the exceptionally wide range 
of ecological conditions in the township. 

The survey of the summer birds of the township made in 1926 by the 
Royal Ontario Museum of Zoology made an excellent foundation for the 
present census. This survey, together with more recent bird records by 
several ornithologists, particularly by R. D. IJssher, who lives in the 
township, makes possible the following list of 212 species which now 
occur, or have occurred, at all seasons, in King township. 


I. Permanent Residents^ Breeding 

Ruffed Grouse 
Common Pheasant 
Great Horned Owl 
Pileated Woodpecker 
Hairy Woodpecker 
Downy Woodi)ecker 

II. Summer Residents, Breeding 

Pied-billed Grebe 
American Bittern 
Least Bittern 
Mallard Duck 


Blue Jay 

Black Capped Chickadee 
White Breasted Nuthatch 
Common Starling 
English Sparrow 


Black Duck 
Blue*wingcd Teal 
Sharp-shinned Hawk 
Cooper’s Hawk 
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Rcd-tailcd Hawk 
Red-shouldered Hawk 
Marsh Hawk 
American Sparrow Hawk 
Virginia Rail 
Sora Rail 

Common (jallinule 
Killdeer Plover 
American Wocxicoc k 
Spotted wSandpiper 
Black Tern 
Mourning Dove 
Passenger Pigeon 
Yellow-billed Cuckoo 
Black-billed Cuckoo 
American Screech Owl 
Whippoorwill 
Nighthawk 
Chimney Swift 
Ruby-throated Hummingbird 
Belted Kingfisher 
Yellow-shafted Flicker 
Red -headed Woodpecker 
Yellow-bellied Sapsuckei 
Eastern Kingbird 
Crested Flycatcher 
Eastern Phoebe 
Traill’s Flycatcher 
Least Flvcatchcr 
Eastern Wood Pewee 
Horned Lark 
Tree Swallow 
Bank Swallow 

American Rough-Winged Swallow 
Barn Swallow 
Purple Martin 
American Crow 
Brown Creeper 
House Wren 
Winter Wren' 

Long-billed Marsh Wren 
Short-hilled Marsh Wren 

III. Regular Summer Residents ^ 

Great Blue Heron 
Green Heron 
Broad-winged Hawk 
Yellow Rail 
Wilson's Snipe 


Catbird 

Brown Thrasher 
American Robin 
Wood Thrush 
Vccry 

Red-breasted Bluebird 

(iolden-Crowned Kinglet 

Cedar Waxwing 

Common Shrike 

Red -eyed Vireo 

Black and White Warbler 

Nashville Warbler 

Yellow Warbler 

Black-throated Green Warbler 

Blackburnian Warbler 

Chestnut -bided Warbler 

Pine Warbler 

Oven-Bird 

Northern Water-thrush 
Mourning Warbler 
Maryland Yellow-throat 
Canada Warbler 
American Redstart 
Bobolink 
Meadowlark 
Red-winged Blackbird 
Baltimore Oriole 
Crow Blackbird 
Cowbird 
Scarlet Tanager 
Rose-breasted Grosbeak 
Indigo Bunting 
American Goldfinch 
Eastern Towhee 
Leconte’s Sparrow 
Savannah Sparrow 
Vesper Sparrow 
Slate-coloured Junco 
Chipi)ing Sparrow 
White-throated Sparrow 
Lincoln’s Sparrow 
Swamp Sparrow 
Song Sparrow 

Breeding Evidence 
Herring Gull 
Warbling Vireo 
Common Purple Finch 
Henslow’a Sparrow 


No 
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IV. Irregular ^ or Very Rare Summer Visitors* 


Little Blue Heron 
Black-crowned Night Heron 
Upland Plover 
Grey Partridge 
Olive-sided Flycatcher 
Red-breasted Nuthatch 
Yellow-throated Vireo 

V. Migrants 

Common Loon 

Red-throated Loon 

Red-nec'ked (*rel>e 

Horned C'lrebe 

Double-crested Cormorant 

Canada Goose 

Snow Goose 

Blue (toose 

Gadwall 

Baldpate 

Pintail 

Green -winged Teal 
Shoveller 
Wood Duck 
Redhead 

Ring-necked Duck 

Scaup Duck 

Common Golden-eye 

BufHe-hcad 

Old-Squaw 

Hooded Merganser 

Common Merganser 

Red -breasted Merganser 

Turkey Vulture 

Common Rough-legged Hawk 

Bald Eagle 

Osprey 

Peregrine Falcon 
Pigeon Hawk 
Semi-Palmated Plover 
Black-beliicd Plover 
Common Turnstone 
Solitary Sandpiper 
Greater Yellow-Legs 
Lesser Yellow-Legs 
Knot 


Prothonotary Warbler 
Golden-winged Warbler 
Magnolia Warbler 
Myrtle Warbler 
Cerulean Warbler 
Pine Siskin 
Grasshopper Sparrow 


Pectoral Sandpiper 
Least Sandpiper 
Dunlin 

Semi-palmated Sandpiper 
Ring-billed Gull 
Bonaparte’s Gull 
Caspian Tern 
Barred Owl 

American Long-eared Owl 
Saw-whet Owl 
Yellow-bellied Flycatcher 
Cliff Swallow 
Hermit Thrush 
Olive-backed Thrush 
Grey-cheeked Thrush 
Ruby-crowned Kinglet 
American Pipit 
Blue-headed Vireo 
Philadelphia Vireo 
Tennessee Warbler 
Orange-crowned Warbler 
Parula Warbler 
Cape May Warbler 
Black-throated Blue Warbler 
Bay-breasted Warbler 
Black-ix>li Warbler 
Palm Warbler 
Connecticut Warbler 
Black-capped Warbler 
Rusty Blackbird 
Cardinal 

Clay-coloured Sparrow 
Field Sparrow 
White-crowned Sparrow 
Fox Sparrow 
Lapland Longgpur 


*$ome of these are regular migrants. 
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VL Winter Visitors 

Goshawk Evening Grosbeak 

Snowy Owl Pine Grosbeak 

Arctic Three-toed Woodpecker Redpolled Linnet 

Canada Jay Red Crossbill 

Northern Shrike White-winged Crossbill 

Brown-headed Chickadee Tree Sparrow 

Snow Bunting 


Summary 

L Permanent Residents, Breeding 11 species 

11. Summer Residents, Breeding 93 “ 

II L Summer Residents, No Breeding Evidence 9 “ 

IV. Irregular, or Rare Summer Visitors 14 

V. Migrants 72 

VI. Winter Visitors 13 


212 species 
104 breeding species 

The major interest and values of the bird life of King township 
centre on the breeding, summer resident, and permanent resident forms. 
To obtain figures on the populations of these groups a census was made 
of all the principal ecological types in the township, between May 28th 
and July 13th, 1937. 

Strip Survey 

Strips 200 feet wide were run by R. D. Ussher at fixed intervals in the 
centre of alternate concessions. Distances were measured along the 
strips by pacing, checked at each line fence or road. Each strip was 
mapped, all cover types and features such as fences were shown, and all 
birds seen were noted. By means of these strips an exact census of the 
birds on 1,270 acres was made. The total population for each cover type 
was later worked out, and the figures were reduced to breeding pairs per 
hundred acres. 

Table 3 gives a list of the principal types of habitat, with the total 
bird population and the number of species in each habitat. The names 
and populations of the five most abundant species in each habitat are 
also recorded. The complete tally would be too long for this summarized 
report. 

It will be seen from Table 3 that the five habitats showing the highest 
concentrations of birds are in each case ungrazed, well -watered, wooded 
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lowlands. It will also be seen that so far as population is concerned the 
principal birds in the township are of the small song'bird type. As an 
indication of the approximate actual population of birds in the township 
the acreage of the various types in Table 3 was estimated, and the total 
population for the whole township, including the Holland marsh, for 
eleven species was calculated. 

Estimated Total King Township Population of Eleven Species* 


Song Sparrow 8,630 pairs 

Bobolink 4,406 “ 

Red- Eyed Vireo 2,398 " 

American Robin 1,380 “ 

Oven Bird 629 “ 

fAmcrican Crow 483 ‘‘ 

American Goldfinch 481 “ 

Yellow-shafted Flicker 184 “ 

Scarlet Tanager 86 “ 

Great Horned Owl 25 ‘‘ 

Pileated Woodpecker 6 ‘‘ 


Sample Plots 

During June and the early part of July, D. A. Ross made a similar 
census of t he wildlife on eight sample plots. These plots were laid out 
as shown on Map 9, each plot being selected as typical of a particular 
range of cover type in the township. Each plot was visited several times 
during the summer. The average size of these plots was 24 acres. They 
ranged from Plot 8, showing only one type of vegetation, 12 acres of the 
open Holland marsh, to Plot 6, which included 42 acres of mixed farming 
land, w'ith an overgrazed and an ungrazed woodlot. The findings of this 
work substantially agreed with those of Ussher. Since the sample plot 
work was intended only as a means of comparing the present conditions 
in particular types with conditions in future years, it is not included in 
this short report, but is available for reference. 

General Survey 

Ussher and Ross also made an extensive general survey of the popu- 
lation and breeding grounds of the larger birds, such as ducks, pheasants, 
partridges, h awks and owls. These spectacular birds are strikingly 
*It should be noted that the above estimates are of breeding pairs. The population 
would, of course, be much greater in moat cases at the close of the breeding season, smd 
later further increased by the addition of migrating birds. 

tThe figure (or the Crow population appears low, probably because the females are 
very wary and unobtrusive when nesting. R. D, Ussher suggests 7(XL900 pairs as more 
probable. 
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absent from the population chart. Most of them are now present in very 
small numbers. Yet they interest both the sportsmen and the general 
public more than do the smaller birds. Unless definitely proved to be 
harmful they should be particularly encouraged in the township. They 
include, amongst others, the following species: 

Pied-billed Grebe — Probably l)reeds at over half the ponds and lakes. 
Green Heron —Most of the lakes and ponds with bush around them sup- 
port a pair. 

American Bittern — Generally distributed and not uncommon. 
Red-shouldered Hawk- The most numerous and best distributed hawk in 
the township. A population of about 25 pairs probable. 

Marsh Hawk — About twenty pairs in the township, including at least ten 
pairs in the Holland marsh. 

Black Tern — A colony of at least 50 pairs was found in the Holland marsh, 
north-east of Bradford. 

Black Duck — A breeding population of between 50 and 75 pairs is estim- 
ated. There was a heavy concentration of Blacks at one group of 
small ponds during the summer, reaching a maximum of 1)0 on 
August 5th. 

Blue-winged Teal-- A few pairs breed in the north tip of the Holland 
swamp, and an occasional pair at small ponds throughout the town- 
ship. 

Ruffed Grouse — The destruction or overgrazing of woodlands, and the 
draining of cedar swamps, have brought this once common bird to a 
very low ebb. There are not more than 50 pairs in the township, 
confined mainly to the woods on the ridge and bordering the marsh. 
Common Pheasant— First introduced in 1926, and again on numerous 
occasions since then. When first introduced these birds flourished. 
The severe winter of 1933-34 reduced their numbers, and most of 
those that survived that winter have since been illegally shot. The 
majority of farmers like to see them, but the birds have little 
chance for survival against organized hunting drives. There are 
probably a hundred pairs in the township. 

American Woodcock- -Seven records were obtained during the summer, 
but woodcock are uncommon in the township. 

Wilson* s Snipe — A few remain, confined to the northeast end of the 
Holland marsh. 

Horned Owl — The commonest owl present. An estimate of 25 pairs seems 
conservative. A good many are shot annually, and this predator is 
probably not a serious factor in keeping down numbers of other 
species. 

PUeated Woodpecker — It is estimated that there are 6-7 pairs in the area. 



242 


Transactions of the Royal Canadian Institute 


Effects of Reforestation'^ 

The detailed figures of Ussher and Ross showed that with few excep- 
tions the overgrazing of woodlots reduced the numbers of birds per acre, 
some species, like the Ovenbird, being reduced by as much as 76 per cent. 
There is no doubt that reforestation would tend to reduce the numbers 
of a few open land species. The possible effect of changes in the habitats 
through conservation measures in King township has been estimated by 
L. L. Snyder, Assistant Director of the Royal Ontario Museum of 
Zoology, who has examined the bird census results of the year’s survey. 
On the basis of improvements and extension of habitats, his opinion was 
as follows : 

70 per cent of the breeding birds of King township would be aided by 
planting, reforestation, creation of ponds, and reduction of woodland 
grazing. 

7 per cent would be curtailed or somewhat restricted. 

23 per cent would probably show no change. Most of these species 
use habitats that would be unaffected by conservation measures. 

Duck Habitats 

An investigation of wild duck habitats in the township was carried 
out for three weeks in September by W. K. W. Baldwin. From his report 
on this comparative study of nine bodies of water two general conclusions 
can be drawn. 

The first conclusion is that the preferences of ducks for particular 
habitats in the township are controlled by a very complex set of factors 
affecting the available water, cover, food supplies and nesting sites, and 
no single factor can be said to be critical in the township. 

The second conclusion is that since one area far excelled all others 
examined, as a favourite duck-feeding ground, it may be considered as 
the ideal habitat for dabbling ducks in a township with limited pond 
possibilities such as King. (The dabbling or surface-feeding ducks are 
the only ones likely to make extensive use of the township in the summer.) 
Using this pond as a model, it is suggested that any body of water in 
King township, large or small, will attract many wild ducks if the fol- 
lowing advantages are provided : 

1. A considerable proportion of quiet or stagnant water less than 18 
inches deep. 

2. Abundant supplies in or around the pond of the following plants, 
or effective substitutes for them : 

•It is assumed that much of the planting would be of hardwood species, since pure 
coniferous stands in Ontario are invariably low in mammal and bird populations. 
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Echinochloa Crus-Galli L. Beauv. (Barnyard Grass). 

Scirpus pedicellaius Fernald (Woolgrass). 

Polygonum amphibium L. (Knot weed). 

Polygonum Hydro piper L. (Smar tweed). 

Lemna minor L and Spirodela polyrrhiza (L) Schlied (Duckweeds) , 

Poiamogetons (Pondweeds) and Radicula (Watercress) are also 
recommended. 

3. At least two nearby alternative ponds with effective cover for use 
when the ducks are disturbed. Six possible cover ponds lie within 
a radius of one mile from the model pond referred to. 

4. Freedom from human interference. 

For breeding sites the addition of clumps of Willow or Alder, and 
Typha (Cat-tail) would probably be essential, and the presence in the 
water of large numbers of small molluscs and other invertebrates would 
help to provide food for the young ducks. 

in. Fish 

By J. R. Dymond and W. J. K. Harknrss 

The waters of King township consist largely of headwater streams 
rising in the hills which cut across the centre of the township and a 
series of small lakes occupying the depressions between the numerous 
hills. 

There are few waters large enough to support the larger species and 
hence the fish fauna is chiefly composed of the smaller forms. There is 
no evidence that the township ever did support any considerable popu- 
lation of the larger game species, although the shrinkage of the perma- 
nently running streams from a length of two hundred miles to twenty-five 
must have materially reduced even the small population once present. 

The lakes differ widely in their character so far as fish life is concerned. 
Some such as Eversley, Marie and Hackett (Nancy) support a population 
of large-mouth black bass (green bass), pumpkin seed sunfish, perch and 
various minnows and other small species. Kelly lake has a deep layer 
of decaying vegetation on the bottom and the fish inhabiting it are of 
species characteristic of acid, boggy water including red-bellied dace, fine- 
scaled dace and fat-head minnows. Loch Erne and Hall's lake are inter- 
mediate between the two types just mentioned. Loch Erne is more like 
Kelly lake, the fathead minnow being its most abundant species; while 
Hall’s lake is more like Eversley, Marie and Hackett, the muskoka minnow 
being its dominant species, 
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The maximum depths found in some of the lakes were as follows: 
Hacketl (Nancy), 62 feel; Eversley, 65 feet; Kelly, 40 feet. A series of 
temperatures taken from the top to bottom of Hackett lake on June 17, 
1937, gave the following? results: Surface, 72®F. ; 5feet, 66°F. ; 10 feet, 
58T.; 15 feet, 47"F.; 20 feel, 44^F.; 25 feet, 42°F.; 30 feet, 42T.; 
40feet, 4rF.; 50 feet, 40®F.; 62 feet, 39T. 

The temperature of the east branch of the Humlier between the sixth 
and eighth lines on August 16th, 1937, ranged from 71®F. to 73°F. 

In our studies collections of fish were made at sixteen stream stations, 
in six lakes and in the drainage canal. 

Speckled trout (Salvelinus fontinalis) are found in only three or four 
streams in King township, so far as known. They are native to Kehoe’s 
creek, a tributary of the Humber river rising in a cedar swamp. This is a 
clear, cold-water stream, the temperature of which on June 25, 1937, was 
63®F\ On the same day other tributaries were 60®F. and higher. The 
largest trout reported from this stream was 17 inches in length. The 
other fish taken in the same stream were common suckers, creek chub and 
miller’s thumb {Coitus bairdii bairdii). 

Until five years ago trout were found in Kettleby creek below Kettleby 
but none are to be found in this section of the stream at the present time. 
Trout were introduced about 1926 in the west branch of this stream at 
lot 24, concession 4, where a thousand fry were planted. Due to the 
removal of the screen placed in the stream below the point of introduction 
the trout spread down stream. It has not been determined with certainty 
whether trout occurred in this stream in the early days but it seems clear 
that none occurred in it for many years before this introduction. 

Speckled trout formerly occurred in a stream flowing into Eversley 
lake, and it is likely that under original conditions they were found in 
other similar brooks. 

Brown trout {Saltno faric) have been planted in the Humber above 
the dam at Woodbridge in several years beginning in 1982. Whether any 
of these have penetrated as far as King we do not know* The following 
number of fingerlings were planted in the years indicated: 1932, 15,000; 
1933, 10,000; 1934, 5,000. In 1935 and 1937 yearlings were planted, 650 
in 1936 and 3,000 in 1937. 

Carp {Cyprinus carpio) are found in the Holland river and canal, 
which they have entered from lake Simcoe. They were also planted in 
Eversley lake about 1905 and still occur there. 

The commonest fishes found in the streams of the township are 
common suckers, creek chub, creek shiners and black-nosed dace. 

The suckers {Cdtostowus cofHtn€fsont%') found in our work were largely 
young of the year, and others up to a length of six inches. They were 
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common in the Humber and at all stations examined on its east branch. 
They were not taken so commonly in tributaries of the Holland river. 
The largest specimen (12 inches) was found in a cold stream in which 
speckled trout occur. Adults undoubtedly resort to the smaller streams 
in spring to spawn. The species was taken at eleven stations. A smaller 
species, the hog sucker {Ilypentelium nigricans), which is usually found 
over a stony or gravelly bottom, was taken at only two stations, one in a 
typical habitat in a tributary of the Holland river and in an oxbow cut-off 
from the Humber. 

The creek chub {Semoiilus alromaculatus) is the most generally dis- 
tributed fish in the creeks of the township. It was taken at fifteen sta- 
tions, that is, at every creek station but one whent collections were made. 

The black-nosed dace (Rhinichthys alratulus) is common, being found 
wherever there is a current over a gravelly or stony bottom. It was taken 
at eleven stations. The long-nosed dace {Rhinichthys cataractae) was 
found in only two situations, in both cases in rather swift, clear water 
over gravelly bottoms. 

The creek shiner (Nolropis cornutus) is the most abundant fish in the 
larger streams. Although found at fewer (nine) stations than the common 
sucker, creek chub and black-nosed dace, this species occurred in some 
situations in very large numbers. 

Other minnows of less frequent occurrence in the waters of King 
township include the muskoka minnow {Notropis heierolepis) , a lake or 
stagnant species found in Nancy lake, Hall’s lake, the canal and in 
an oxbow cut-off from the Humber river; black-chin minnow {Notropis 
heterodon) in Hall’s lake and Schomberg river; blunt-nosed minnow 
{Hyborhynchus notatus) ; red-sided dace {Clinostomus elongatus ) ; golden 
shiner {NoUmigonus crysoleucas) and five small species "Characteristic of 
stagnant waters, especially those of a boggy nature. These include the 
brassy minnow {Hybognathus hankinsoni), fat-head minnow {Pimephales 
promelas), red-bellied dace {Chrosomus eos), fine-scaled dace {Pfrille 
neogaeus), and northern dace {Margariscus margarita). 

The fat-head minnow is very abundant in loch Erne and fairly abun- 
dant in Kelly lake. The red-bellied dace is abundant in Kelly lake, and 
the fine-scaled dace moderately so there. These all appear to be rare 
elsewhere. The brassy minnow was found only in the Holland river, and 
the northern dace only in Kettleby creek. 

Common catfish {Ameiurus nebulosus) or bullhead is found in Ever- 
diey, Marie and Kelly lakes, in loch Erne and in the canal. 

, Pike {Esox lucius) occur in the Holland river and canal but not so far 
as known in the lakes or small streams. 

Maskinonge {Esox masquinougy) still run into the Holland river in 
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spring to spawn, although most of their original spawning grounds have 
been destroyed by the drainage of the marsh. Seven creeks flowing into 
the Holland or Schomberg river from the south in King township were 
once visited by maskinonge at spawning time. From east to west these 
creeks were Catfish, McClure’s, Banks’, Hay, Gordon’s, King (Kettleby 
creek), and Broad. The flooded marsh surrounding the creeks are said 
to have provided ideal spawning grounds. Mr. Collins of Bradford 
reports having seen spawning lunge half a mile from the river, at high 
water. Most of these creeks have been eliminated by the drainage of 
the marsh. 

Killifish {Fundulus diaphanus menona). This member of the top- 
minnow family was found only in Hall’s lake. The fishes of this family are 
noted for their destruction of mosquito larvae. 

Four species of darters occur. These are all small fish seldom exceed- 
ing a length of two inches. As a group they are found in clear water 
running over gravelly or stony bottoms. They lie hidden among the 
stones, darting (quickly from one hiding place to another when disturbed. 
The rainbow darter (Poecilickthys coeruleus) is the dominant species in 
the streams of King Township. The Johnny darter (Boleosoma nigrum) 
is moderately common, while the fan-tail darter (Catonolus flabellaris), 
and Iowa darter (Poecilichlhys exilis) are least common. The latter pre- 
fers standing waters with muddy bottoms and so is characteristic of lakes. 
It was found in Hackett and Hall’s lakes and loch Erne. 

Large-mouth black bass or green bass (Aplites salmoides) is found, 
probably native, in Hackett (Nancy), Eversley and Marie lakes and in 
the canal . I n Eversley lake a specimen weighing 7 J pounds has been taken . 

Four species of the sunfish sub-family are found. The pumpkin seed 
{Eupomotis gibhosus) and rock bass {AmblopUtes rupestris) are moderately 
common. They live in the deeper pools of the streams and in lakes. 
Large rock bass are said to have occurred formerly in the Holland river. 
The bluegill (Helioperca incisor) was found only in Hackett (Nancy) lake. 

The yellow perch (Perea flavescens) appears to be rather uncommon in 
Hackett (Nancy), Eversley and Hall’s lakes. 

The yellow pickerel (Stizostedionvitreum) is said to occur in the canal. 

The miller’s thumb (CoUus bairdii bairdii) is a cool water creek spe- 
cies, commonly found associated with the speckled trout. It was most 
abundant in Kehoe’s creek, a cold water creek containing a population of 
speckled trout. It was also found in some numbers in a small creek at 
Pottageville, although so far as known no trout occur in this stream. 
Occasional specimens were also found in other streams. 

The brook stickleback(£«caf*a inconstans)i» found in Hackett(Nancy) 
and Hall’s lakes. It prefers stagnant water with a muddy bottom. 
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IV. Amphibians and Reptiles 

For the sake of completeness a list of amphibians and reptiles known 
to occur in King township is included. This list is based on the 1929 
report of E. B. S. Logier, who mentions that '‘future collecting will doubt- 
less add other species to it’\ 

Amphibians 

Green Newt 
JefTerson‘8 Salamander 
Spotted Salamander 
Red-backed Salamander 
American Toad 
Swamp Trct-irog 
Spring Peeper 

Reptiles 

SmcKith Green Snake 
Milk Snake 
DeKay's Snake 
RedbelUcd Snake 
Ribtx)n Snake 

V. Non-Native Game and Fur 

For most of the larger native woodland species, King township, even 
under intensive conservation measures, can never again be a habitat 
capable of yielding really high populations. 

It can hardly be hoped that trapping will again become an important 
activity in the township, though the existence of many marshes and ponds 
gives a chance to greatly increase the population of mink and muskrat. 
Occasional closed seasons, together with an increase the woodlands 
surrounding lakes and streams, and a rise in the ground water level, would 
probably achieve this effect. It is unlikely that either restocking with 
former fur-bearers of the township or introduction of non-native 
species would be successful. 

The European hare, which has recently spread into the township, is 
there to stay. Hunting will certainly keep its numbers down to a reason- 
able figure. At the present time it appears doubtful whether the Com- 
mon Pheasant can survive the combined effects of predators, severe 
winters and illegal shooting. In King township it is undoubtedly on the 
extreme northern edge of its possible range. The introduction of other 
new species has been considered by many in the township, since apart 
from the Ruffed Grouse, not well suited to the present open habitat, 
there is little other game-bird life left. The danger of introduction need 
hardly be stressed. The Starling and English Sparrow in King are suifi- 


Tree Toad 
Ocen Frog 
Pickerel Frog 
Leopard Frog 
Mink Frog 
\\ ood Frog 


Ringnecked Snake 
Garter Snake 
Snapping Turtle 
Painted Turtle 
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cient evidence of this. On the other hand, the strenuous efforts now 
being made in Ohio for the conservation of a large population of Common 
Pheasant and Bob-white Quail, which were respectively unknown and 
very scarce in the state at the time of first settlement, show that neither 
introduction nor spread of range need necessarily be harmful. One 
experiment is now being made in King township with the Chukar 
Partridge, and further information on this species will soon be available. 

VI. Hunting 

The opinions of 279 farmers were asked on hunting. Only one farmer 
objected to the shooting of the European hare. None objected to the 
shooting of groundhogs. But 155, or 56 per cent of those questioned, dis- 
liked the hunters and their methods. Seventy-five farmers, or 27 per cent, 
approved of hunters. Forty-nine farmers, or 17 per cent, were unin- 
terested. 

It is estimated that only about 25 per cent of the farmers in King 
township do any shooting themselves. 

The main reasons for the dislike of hunters by farmers are : 

Damage to wire and rail fences. 

Shooting of pheasants which are protected in King township. 

Dangerous shooting. 

Intentional shooting of livestock. 

Opening and leaving oj)en of closed gates. 

The overbearing manners of hunters. 

The very high percentage of farmers of British origin in King town- 
ship, and the fact that the majority of those hunting in King township 
from Toronto are of other national origin, may be an important factor in 
this matter. 

Present Trends 

It is highly improbable that there will be any improvement in the 
conditions of soils, waters and wildlife in King township if no special 
effort is made to improve them. Present trends may be summarized as 
follows : 

Woodlands. Land is still being cleared entirely of tree growth in the 
Holland valley and several other minor areas in the township. The fact 
that more than 50 per cent of the standing cordwood in the township is 
now mature or almost mature (lieing of second growth origin following the 
first cutting) leads to the conclusion that the average cut per annum will 
exceed the average growth per annum for some time to come. 

An actual shortage of fuel wood is already occurring in the township. 
This shortage is not yet very noticeable because of the large number of 
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farmers who are now using old fence rails and posts as fuel. The new 
fences are of wire. As each overgrazed woodlot is cut down, grass and 
not woodland takes its place. 

Water. It is known that the water reserves in the township are now 
very low. It can be forecasted that further depletion of woodlots will 
lead to a further lowering of the ground water, with consequent drying of 
springs and streams. 

Erosion. Both sheet and gully erosion are now very common in the 
township. Some of the more seriously eroded areas are shown on Map 6. 



ERODED GULLY 

Under the King Township plan, this gully could be controlled 
and reclaimed, as a demonstration which farmers would observe 
and follow. 
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Cultivated Land 
69.4% 
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LAND USE IN KING TOWNSHIP, ONTARIO 
in 1938 

(cxdmv€ of the Holland Marsh area.) 
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The more spectacular form of erosion is the formation of gullies, but 
economically it is the loss of topsoil which has caused the abandoning of 
many farm lands which should never have been cleared. The major areas 
of cleared land now uncultivated are shown on M ap 7. A close correlation 
between the location of these lands and the location of the Kame area can 
be seen. All of these lands arc either too sandy or too steep to give any 
hope of sustained yield under cultivation. They are admirably adapted 
to the growing of trees. 

Animal Life, The number of persons hunting in King township 
appears to be increasing. The present practice of organized hunting 
drives across large areas of land leaves no chance for the escape of game. 
Further reduction in woodlands and water reserves will certainly further 
reduce the remaining game and other wild animal life in the township. 

Land Use. The present trend in land use in King township is towards 
an increase in city-owned farms. Most of these farms give an erroneous 
impression of profitable agriculture. Few of them are worked at a profit. 
As one farmer remarked, referring to a neighbouring, city-owned farm, 
he “would like to make as much as is lost every year on that farm”. Since 
many of the farmers hope eventually to sell their farms for country 
estates, the price of farms in general over the area is far above the proper 
capital value of the land based on soil rent. The limiting factor in the 
trend towards city-owned farms is the presence of streams or lakes, woods, 
and rolling land on the farms. Most of the land of this type is already in 
the hands of city owners. 

Many of these farms are already “posted” against outside hunting and 
fishing, and most of their owners are much interested in reforestation. 
There is no doubt that this tendency will help to improve both the soil 
and the wildlife of the township, but as the number of farms of this 
specialized type available in the township is strictly limited, no large 
scale improvement of the land can be expected from this source. 

Recommendations 

The present fully effective woodlands cover only 4.9 per cent of the 
township, exclusive of the Holland marsh area. The release of the 
present grazed woods from grazing would increase the effective woodlands 
to 10.4 per cent. A few of these overgrazed woodlots would have to be 
replant!^ in part. A further addition of 4,250 acres of plantations would 
bring the total woodlands to 15.0 per cent of the whole area. This may 
not be the ideal percentage, but it is a practical goal at which to aim. 
Map 8 shows a prdiminary plan of the township covered in this manner. 
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It should be noted that this plan involves the planting of only 5,2 per 
cent of the township. More than 2,600 acres of former farms are now 
cleared but no longer cultivated. (Map 7.) On every farm there 
are two or three acres of waste land. It is estimated that there are at 
least 17,000 acres of land not adapted to profitable farming in the town- 
ship, exclusive of the Holland marsh. The project, therefore, appiears 
practicable, given the co-operation of the farmers. 

During the course of the 1937 survey, more than 700 acres were made 
available by farmers for immediate planting of trees. It is not feasible 
to plant such an area in a single year. 

The recommended improvement work for the first year is shown on 
Map 9. A summary of the suggested work follows : 

1. Plantations, Four hundred acres, selected from the 700 acres of 
available planting land, can be reforested. A small part of this planting 
would take the form of shelter belts. The numl)er of seedlings required 
for this planting is indicated in Table 4. 

2. Nurseries, Two or three small transplant nurseries can be set up. 
These are essential for heeling in seedlings, for hardening seedlings for 
particular soils, and for keeping some seedlings available for filling in 
blanks. Land has already been made available for two of these. 

3. Demonstration Woodlots, During 1937, five demonstration wood- 
lots were added by the Provincial Forestry Branch to the two already in 
the township. It is recommended that two or three additional woodlots 
be added to the number, in strategic parts of the township. 

4. Dams. It is recommended that several small dams, located as 
shown on Map 9, be placed near the headwaters of certain streams, and 
that the Schomberg and Kettleby dams be repaired. The spillways of 
these last two dams were of insufficient capacity and the cut-off walls too 
short. With wider spillways* and longer cut-off walls these dams will 
be safe while still capable of storing many acre-feet of water. 

These dams will serve to reduce floods and soil erosion. They will 
make a constant supply of water for stream improvement. They will 
aid in raising the ground water level, and their ponds will improve the 
conditions for ducks and other wildlife. 

5. School Yard Plantings, Seven school yards in the township have 
few or no tree s. In these the children can help with planting shelterbelts 

♦Schomberg drainage area; 11 sq. mile*. Suggested spillway capacity to control 
discharge in time of super-flood: 3,500 c.f.s. 

Kettleby drainage area ; 8 sq. miles. Suggested spillway capacity : 2,500 c.f.s. 
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TABLE 4 

Transplants Required for Planting 400 Acres in King Township 


Tree Species 

Wet 

Clay 

Level 

Clay 

Loam 

Light 

Land 

Clay 

Hills 

River 

Banks 

Wind. 

breaks 

'Fotal 

White Pine 


5,000 

10,000 

10,000 




25,000 

Red Pine 



10,000 

90,000 




100,000 

Jack Pine 




30,()fl0 

5,000 



35,000 

Scotch Pine 


5,000 

5.000 

90,000 

10,000 



1 10,000 

European Larch 

1,000 




10,000 



Il.tKK) 

White Spruce 

2,000 

10,000 



10,000 


200 

22,200 

White Cedar 

3,000 



10,000 


1,0m) 


14,000 

Walnut 


2,000 

10.000 





12,000 

Butternut 



2,000 





2,000 

White Elm 

3,000 

5,000 



20,000 



28,000 

White Ash 


5,000 

15,000 

15,000 

20,000 



55,000 

Soft Maple 

2,000 

1,000 

15,000 





18,000 

Hard Maple 


1,000 

5.000 


10,000 



16,000 

Red Oak 


2.OO0I 


15,000 




17,000 

Carolina Poplar (cuttings'' 





10.000 

2,000 


12,000 

Carolina Poplar (rooted). 




1,000 

1,000 



2.000 

White Willow 

1,000 





2,000 


3,000 

Norway Spruce 







800 

800 

Totals 

12.000 

36.000 

72.000 

261.000 

96.000 

5.000 

1.000 

483.000 


Total— 483,000 

and small plots of trees. These will serve not only to improve the 
amenities of the schools, but also as education in reforestation. 

6« Test Wells, To record movements in the level of the ground water, 
regular measurements of the height of the water in a few unused wells are 
necessary. One such well has already been selected, and some measure- 
ments taken. It is recommended that several other wells be selected and 
used for this purpose. 

7. Erosion Control, One of the worst erosion gullies in the township 
overlooks a public road in the centre of the township. It is suggested 
that this gully be controlled and reclaimed, as a demonstration which 
farmers can observe and follow. The cutting power of the water can be 
reduced by inexpensive check dams across the gully. Dense plantings of 
Carolina Poplar and Black Locust will bind the eroding clay banks. The 
Black Locust, like Alfalfa, fixes nitrogen from the air, and will prepare 
the soil for the planting of more valuable species later. 






A WOODLOT RELEASED FROM GRAZING 
Formerly cut over and lightly grazed, this woodlot is now 
fenced from cattle Seedlings of Sugar Maple and Beech now 
cover the ground, and future crops of wood are assured. 

The complete absence of saplings in the woodlot is due to 
former grazing. 
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Land well prepared for experimental plantations 

Farm of IV C Harns, king township, Ontario 
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8. Wildlife Census. The census made on the sample plots shown on 
Map 9 can be continued when the time is available, as a measure of the 
effects which planting and other improvements may produce. 

9. Co-operative Wildlife Management. The owners of the properties 
marked under this heading on Map 9, are co-operating in making experi- 
mental plantings for the improvement of the wildlife of the township. 
Besides reforestation, some food plants will be set out. Many pheasants 
and other birds were attracted to the area by food set out during the past 
winter. This work will be continued during 1938. 

10. Labour required to complete the first year's work. It is estimated 
that a camp of twenty-eight men, exclusive of forestry or engineering 
staff, could complete the first year’s work of the project. 

Future Plans 

It has already been noted that more than 700 acres of land was made 
available by farmers for immediate planting under the first year’s work 
of the project. The sugge.sted planting of 400 acres of land in the first 
year would leave 300 acres of land available for the second year’s planting. 
Already since the field work of the survey was completed, 100 acres of 
additional land have been offered. This means that the full second 
year’s planting land is also now available. It is beyond doubt that as 
planting takes place many new areas of land will be made available to the 
project. The project, therefore, will not fail for lack of land. 

Several woodlots will no longer be overgrazed, as a result of the 1937 
interviews with farmers, but a continued drive of publicity for conserva- 
tion is necessary. The seven demonstration woodlots will help in this 
work, and the prominent marking of any lands planted under the project 
would be of great value. These forms of education, together with the 
suggested school-yard plantings, should eventually result in the release 
from grazing of the majority of the overgrazed woodlots. 

Once the value of soil control is fully appreciated, more intensive 
methods of conservation will gradually come into use. These methods 
will include the withdrawal of all steep slopes from cultivation, and 
their use as pasture or woodland; the adoption on eroding lands of the 
strip system of cultivation, and the use of grassed waterways; and the 
planting of all stream banks with trees. 
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The survey is also indebted to J. P. Oughton, of the staff of the 
Royal Ontario Museum of Zoology, for a list of forty-eight species of 
molluscs, compiled from collections which he made in King township. 
The collection and list are available for reference. 

Summary 

A year’s survey was made, in 1937-1938, of the natural resources of 
King township, to analyse the present conditions and to make recom- 
mendations for their improvement. 

Methods 

An aerial survey of the township was made. All farmers were inter- 
viewed, and information recorded covering soil, water, wildlife, vegetation 
and land available for tree-planting. 

All woodlots were examined. Intensive studies were made of the 
habitats, population and density of birds and other wildlife. Repre- 
sentative samples of fish and invertebrate fauna werej taken on all the 
permanent streams in the township. 

Present Conditions 

The effective woodlands in the township are now reduced to 4.9 per 
cent of the total area. This is inadequate for the preservation of soil, 
water and wildlife. The ground and surface water are greatly reduced. 
The 200 miles of permanent streams which formerly ran in the township 
are now reduced to less than 30 miles. Two hundred and sixty-four wells 
no longer give a permanent supply of water. Little is left of the original 
wildlife of the township. A few species have increased since settlement, 
but a lack of woods for food and shelter have greatly reduced most of the 
more interesting and useful ones. Erosion has removed much of the 
topsoil, and some farms have been abandoned. 

The conditions of the natural resources in King township are now 
unstable and the present trend is towards poorer soils and a further 
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impoverishment of the woods, water reserves and wildlife. Definite action 
is needed to prevent further deterioration and to restore the township to 
stable conditions. 

Improvement Plan 

A plan has been prepared for the improvement of the township as a 
demonstration that may lie followed in other similar areas. The first 
year’s work on this improvement plan involves, amongst other things : 

1. Planting of 400 acres of waste lands with 480,000 tree seedlings. 
Seedlings for forest planting are provided free by the Provincial 
Government of Ontario. 

2. Establishment of several test wells. 

3. Building of several small dams and repairs to two existing ones. 

4. Establishment of two or three small transplant nurseries. 

6. Education in conservation by planting of school-yard plots, and 
other methods. 

6. An erosion control demonstration. 

7 . A demonstration of co-operative wildlife management. 
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STUDIES OF WATER-FOWL IN BRITISH COLUMBIA 

No. 9 

Barrow's Goi.den-eye, American Golden-eve 
B y J. A, Munro 

Chief Federal Migratory Bird Officer for Brithk Columbia 
Introduction 

The present paper deals with the distribution, life-history, and 
economic status in British Columbia, of the Barrow’s Golden-eye, 
Glaudonetta islandica (Gmelin) and the American Golden-eye, Glaucion- 
etta clangula ameruana (Bonaparte). 

Field observations of golden-eyes have been carried on at intervals 
since 1911 , the earlier work comprising chiefly studies of distribution and 
general life-history. Since 1930 the investigation has included the exam- 
ination of the stomach contents of specimens and more recently an 
attempt has been made to obtain quantitative data in respect to the 
numbers comprising the summei population, the survival of young, 
feeding habits and the relation of the species to other animals. In con- 
nection with the analyses of stomach contents, it was realized that this 
method by itself was of limited value and that a reasonably correct inter- 
pretation of such data is possible only when supported by field observa- 
tions. Stomach analyses reflect what the bird has eaten but give little 
indication of how suc'h food has been obtained. The author feels that 
the greatest value of analyses is in checking or supplementing studies of 
the feeding habits of the bird in its environment. Furthermore it is 
believed that a small number of specimens taken umler known circum- 
stances, in a habitat which is being studied, is of greater value than a 
large general collection about whose origin nothing is known except the 
date and place of capture. The stomachs used in this study were col- 
lected either personally by the author or, with a few exceptions, collected 
at certain places at certain times under his direction. 

The study of the food in the digestive tracts of most of the golden-eyes 
examined was conducted as a joint undertaking by Dr. W. A, Clemens, 
Director of the Pacific Biological Station, and the author. The materia! 
was examined with a binocular microscope and all items were checked by 
eadi investigator. Dr. ('lemons also assisted the author in the prepara- 
tion of this paper. Grateful acknowledgment is made to him for this 
co-operation and to the Fisheries Research Board of Canada for the usij 
of laboratory facilities. 
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Description of Species 

Golden-eyes are medium-sized, rather heavily built diving ducks with 
relatively short necks and large heads. The males average twenty inches 
in length and the females are somewhat smaller. The adult males of 
both sfiecies are predominantly black and white; the American Golden- 
eye has a greenish coloured head with an oval white spot on each cheek 
at the base of the bill, while Barrow’s Golden-eye has a violet-coloured 
head and a crescentic white patch at the base of the bill. The latter 
species has less white on the back and the flank plumage has more black 
on the feather margins as compared with the same area on the American 
Golden-eye so that in general appearance Barrow’s Golden-eye is the 
blacker of the two. This is a better distinction in the field than is the 
difference in head coloration and shape of white cheek patches, which 
cannot readily be seen at all times. In both species the bill of the male 
is black, the feet chrome and the iris clear yellow. 

The adult females, yearling females and yearling males of the two 
species are of similar coloration with brown heads (varying in shade with 
age and wear), dark grey backs and flanks (feathers dusky grey margined 
with lighter grey), grey chest, white neck and white underparts. Slight 
differences in colour due to age and specific differences, while noticeable 
in museum specimens, are not usually apparent in life. For the period 
from February to May the bill of the adult female Barrow’s Golden-eye 
is cadmium yellow to orange usually freckled with brown on the basal 
half, while that of the adult female American Golden-eye is dark olive 
brown sometimes suffused with yellow at the base or on the terminal 
third. This colour distinction disappears after the breeding season. The 
bills of young females of both species are dark olive brown. The iris is 
clear yellow in the adult female, greenish yellow in yearling females and 
amber in the young. 
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Youn^ females of both species in first pluniaj^e resemble the older 
females in colour and pattern but the chest band and flankvS are usually 
more fawn than grey and the neck is not white as in the adult female but 
of the same brown colour as the head, or a few shades lighter. They con- 
tinue a slow moult through the year and by the following spring are 
UvSually indistinguishable from the adult female except for the difference 
in bill coloration. 

Young male golden-eyes have the same colour formula as the females 
but may be recognized as males by their larger size. The fawn, grey, 
white and brown coloration of the first plumage is held until early in the 
first winter, after which the fawn-coloured contour feathers are gradually 
replaced by grey, the neck gradually becomes white and a few white fea- 
thers appear on that area at the base of the bill which later will develop 
as a white patch on the brown head. By the following spring the white 
area may be quite conspicuous on some individuals. The coloration of 
the iris follows the same development iis in the females. 

The downy young of the two species are indistinguishable except for 
differences in shape of bill and in the trachea, which are referred to later. 
The down is blackish above (with small white area on wing and rump) 
and white below, the line of demarcation crossing the cheek below the eye 
so that the appearance on the water is that of a blackish bird with a black 
and white head. The same general arrangement of black and white is 
found in the downy young of Bufflehead, Charitonetta albcola. In large, 
downy young the upper surface may be faded to light brown before the 
first dorsal feathers appear. 

For some time after the downy stage has been replaced by the first 
plumage, filaments of white down continue on the cheeks. Thus young 
birds half or three-quarters grown appear to have definite white cheek 
patches when viewed at a distance. 

A variable but generally appreciable difference between the two species 
of whatever age or sex is to be found in the shape of the bill (fig. 1). In 
Barrow’s (iolden-eye the bill is shorter and narrows more deeply towards 
the tip as compared with that of the American (iolden-eye. The nail 
(the process at the end of the bill) is wider at the front, projects farther 
over and is slightly raised above the bill, so as to form a noticeable hump. 
In the American Golden-eye the nail is narrower with much individual 
variation. Sometimes it is flush with the surface of the bill and for that 
reason not conspicuous. There is reason to believe that this distinction 
does not always hold good, as will be explained later, but in the case of 
the young as well as the mature males there is another anatomic character 
that is apparently infallible. This is a difference in the shape of the 
trachea (fig. 2), which in Barrow’s Golden-eye shows a gradual swelling 
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and attenuation and in the American Golden-eye is provided with a cir- 
cular, centrally depressed enlargement. 

The distinctive characters of the islandica bill hold good in all adults, 
yearlings, and all Okanagan-taken juveniles, recently examined by the 
author (5 ad. cT, 3 ad. 9,6 yearling 9, Scf, 29, young of the year). 
They hold good in only one of ten young birds from the Cariboo region. 
In this series of seven males and three females, from two to three months 
old, one female has the tapering bill with wide, raised and conspicuous 
nail characteristic of islandica. The remainder have wide, straight bills 
with narrow, depressed inconspicuous nail and cannot be distinguished 
from americana of comparable age on the basis of any external character 
known to the author. Nevertheless the males are identified as islandica 
on the basis of the diagnostic trachea, the two females on presumptive 
evidence as they belonged to broods from which identifiable males were 
collected. So far as is known americana does not breed in the Cariboo. 
Three yearlings and one adult female specimen from this region have the 
typical islandica bill. 

From the foregoing it seems evident that young male golden-eyes can 
always be identified specifically by the shape of the trachea but in the 
case of young females the identification of some individuals is impossible 
on the basis of any known characterization. 

Barrow’s Golden- Eye, Glavcionbtta Islaudica 
LIFE-HISTORY 

Distribution 

An eastern population of Barrow's Golden-eye breeds in Iceland, 
Greenland and Labrador, and a western population in southern Alaska, 
British Columbia and the Rocky Mountain states south to northeastern 
California (fig. 3). The intervening territory from eastern Quebec west 
to the Rocky Mountains is not occupied by this species. 

Dr. H. F. Lewis recently brought together the best available informa- 
tion concerning the distribution of the species in eastern North America 
but, because reliable information is scarce, considers the result unsatis- 
factory. The following four paragraphs have been abstracted from a 
personal communication on the subject. 

The winter range is considered to be well stated by Bent (1985) as 
follows: From the Gulf of St. Lawrence southward along the coast r^u- 
larly to eastern Maine (Washington County), rarely to southern New 
England and as a straggler beyond. 

Concerning the breeding range. Dr. Lewis found nothing to add to the 
statement by John C. Phillips (1925) that this duck breeds in south- 
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western Greenland and on the extreme northeastern part of the Labrador 
peninsula probably as far south along the Atlantic coast as Davis inlet, 
or even farther. 

It is quite common during spring and fall migrations at Metis, Quebec, 
on the south shore of the lower part of the St. Lawrence estuary, and 
R. W. Tufts considers it to be a fairly common winter visitant to suitable 
localities throughout the Maritime Provinces. 

Mr. James L. Baillie stales that the only definite Ontario record con- 
cerns a drake taken at Toronto on April 18, 1885, and recorded by Seton 
(1885). Nevertheless it is necessary to consider a statement by Dr. D. G. 
Elliott, 1898, as quoted by Bent (loc. cit.), as follows: “I have found it 
at times quite numerous on the St. Lawrence near Ogdensburg, and have 
killed a goodly number there over decoys, and some specimens, procured 
on these occasions, are now in the M useum of Natural History in New 
York”. This is an indication of occurrence in Ontario as Ogdensburg is 
just across the river from Prescott, Ontario, about a mile away. 

In British Columbia the species breeds throughout the interior, more 
commonly in the Dry Belt than elsewhere, and has been reported from 
various lakes west of the Cascade Mountains where evidently the nesting 
populations are smaller than those of the interior. 

Racey (1926) in June, 1924, found from one to three females, believed 
to be nesting, on each of several lakes including Alpha (1 mile), Alta 
(li miles). Green (2f miles), tributary to the Cheakamus or Lillooet 
rivers. Alta lake, near the middle of this lake chain, is thirty-eight miles 
northeast of the head of Howe sound, at an altitude of 2,197 feet. This 
author in a personal communication reports that golden-eyes (originally 
recorded in The Auk as americana but subsequently ides^fied as islandica) 
breed regularly on all the small lakes of this region, where he observed 
broods of young at different times. 

H. M. Laing reports in a personal letter that on Owikeno lake at the 
head of Rivers inlet, eight young golden-eyes able to fly, and other young 
not so far advanced, were seen on August 19, 1937. On August 28, 1937, 
a brood of seven young, perhaps the same encountered on the earlier date, 
was recorded. Specimens were not collected and there is some doubt as 
to the specific identity of this population. 

Several repwted breeding records from Vancouver island (Forbidden 
Plateau and Upper Campbell lake) and Graham island are not suf^rted 
by the evidence of specimens. The species is rare on the Queen Char- 
lotte islands at any season. 

Dr. Ian McTaggart Cowan states: ‘Tn 1936 when we worked the 
Ootsa lake district we found golden-eye scarce. This is probably ac- 
counted for by the nature of the lakes themselves. They have ste^, 
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rocky shores, calculated to produce little food suitable to the golden-eye. 
Between Eutsuk lake and Whitesail lake on the Tahtsa and Whitesail 
rivers on J uly 14th we saw two golden-eye. On J uly 16th on Eutsuk lake 
we saw two more, these four being all those seen in over two hundred miles 
of travel on the lakes named. Tom McKinley, a trapper on Pondosy 
lake, reported to me that a golden-eye nests near his cabin every year.” 
(Personal communication April 4, 1938.) 

M. Y. Williams (1923) records the presence of a small population on 
the Fort Nelson river, June 11 to June 16, 1922. 

Swarth (1937) lists it as a summer resident “the most abundant and 
most generally distributed species of duck” in the Atlin region, but 
includes no population counts. The earliest date of arrival in spring 
(1933-35) was April 23 and it was last recorded in autumn on October 21 
(1931). This author (1922) also records it from various points on the 
Stikine river near Telegraph creek and on Sawmill lake; it is evident from 
his report that in none of these places was the species abundant. 

The species is reported from the base of the Alaska peninsula by 
Osgood (1904), who states, “One was seen on the Nogheling river July 20, 
and one was killed there some days later; another was shot by W. L. 
Fleming on a small pond near the head of Lake Clark, July 28. Several 
immature birds were killed at the mouth of the Chulitna river, August 4. 
Rather common at intervals along the Chulitna river, August 12 to 17; 
generally seen in family parties of 6 to 10. Near Swan lake a flock of 
about 15 was seen feeding on a shallow lake in company with a flock of 
10 swans. Seen almost daily in pairs or small flocks along the Malchatna 
and upper Nushagak, September 3 to 6”. 

The centre of the densest nesting population is the dry belt region of 
the Okanagan, Nicola, Kamloops, Chilcotin and Cariboo districts. The 
last name is used to identify the area lying between the Fraser river 
and the North Thompson river from latitude 51 to latitude 52. Briefly 
it can be said that the greater part of the population nests in the interior 
and winters on the coast. The number of wintering records for the 
interior is small. Details of the seasonal movements, which are complex 
and not thoroughly understood, are discussed in the following section. 

Seasonal Movements and Numerical Status 

The summer home of the Barrow’s Golden-eye is chiefly on the lakes 
and ponds in the interior of the province. As previously stated they are 
less common , at this time, on coast lakes. The movement from the coast 
to the interior extends over a period of six weeks or longer. H. M. Laing 
(1925) in a voys^e north through the inside passage between the islands 
along the coast in March, 1924, saw Barrow’s Ciolden-eye in flocks of ten 
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to twelve as far north as Swanson harbour, Alaska, the exact counts 
being: Trout harbour, March 3, eleven ; Prince Rupert, March 5, six and 
fifteen; Wrangell island, March 7, twelve; Taku Cannery, March 9, ten; 
Juneau, March 9, twelve; Swanson harbour, March 11, ten. The last 
four localities are in Alaska. In the spring of 1926 a flock of forty 
appeared on Vasseaux lake in the Okanagan valley (February 19, 1926), 
and exactly one month later (March 19, 1926), a flock of similar size was 
observed on the Cowichan river, Vancouver island. A flock of thirty 
arrived at the north end of Okanagan lake on March 30, 1926, and this 
did not represent the end of the migration. On April 21, 1931, a flock of 
twelve appeared at a place on Okanagan lake which was under daily 
observation. These birds were asleep on the water when first seen and 
remained in the vicinity all that day as if resting after a long flight. 

Concentrations take place on the lower mountain ponds and lakes as 
early in the spring as any open water is available and they gradually 
disperse as the ice melts on other lakes at higher altitudes and these waters 
become available. The larger lakes are frequented less and it is not usual 
to find large numbers of birds on them except for a short time in early 
spring before open water appears on the smaller lakes. 

Dates for the first appearance of the sfHJcies on a stories of ponds five 
hundred feet or so above Okanagan lake arc: March 9, 1913; March 22, 
1914; March 16, 1916; March 17, 1917. On April 12, 1933, Madeline 
lake, seventeen miles northwest of Vernon, was becoming free of ice and 
forty adults and yearlings were on the open water along the shore. A 
week later, when all the ice had disappeared, the population was reduced 
to seventeen, Munson’s lake, in Dry Valley near Kelowna, was free of 
ice on April 13, 1933, and eighty adults and yearlings wpre present. The 
number was reduced to twelve on May 9, 1933. Other counts on this 
lake were: April 20, 1934, fifty-eight; May 8, 1937, fifty; April 23, 1938, 
seventy-five. The total population of Trapp, Shumway and Napier lakes 
in the Nicola district on April 19, 1933, was seventy-eight individuals. 

At this time, as on the wintering grounds, there is a free association 
between adults and yearlings of both sexes. The courtship period is at 
its height. 

A month or so after their arrival the adults have paired and are scat- 
tered throughout the district, some pairs in single possession of small 
ponds, others in defined territories on mountain lakes. The important 
factor in their distribution is probably an abundance of food rather than 
availability of nesting sites. 

A large population of yearlings of both sexes continues in occupation 
of the ponds or lakes which earlier were the scene of lively courtship on 
the part of the adults. Thus at Rollings lake on May 28, 1919, the popu-^ 
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iation consisted of four mated pairs, one yearling male and sixteen year- 
ling females. By the first week in June these flocks begin to diminish in 
number, the males leaving in advance of the females. Meanwhile some 
adult males, probably those in which the reproductive process has passed 
the mating stage, again are present and mingle with the yearlings as they 
had done earlier in the season, but their stay is short. Through the first 
three weeks in June a gradual exodus takes place until all save the yearling 
females have disappeared. The following examples will illustrate the 
changing populations as the season advances: 

On May 25, 1937, a small alkaline lake near Savona contained eight 
adult males, ten yearling males and forty-two females, most of which were 
believed to be yearlings, a total of sixty individuals. Two weeks later 
the population comprised three adult males and twenty-two yearling 
females. 

On the same date (May 25, 1937) a chain of small alkaline lakes near 
Clinton contained a total of sixteen adult males, fourteen adult females, 
and eleven yearling females. On June 7, 1937, the population as noted 
comprised four adult males, six adult females and fifteen yearling females. 
At this time a number of adult females were incubating eggs and so were 
not visible. On July 13, 1937, in addition to the females with broods 
there was a flock of twenty-one females, ail of which were thought to be 
yearlings. By the first week in June segregation of the sexes is almost 
complete. 

In the author’s fairly long acquaintance with the spedes, males rarely 
have been encountered in the summer subsequent to the breeding season. 
By the time the first young are on the water usually the last of the breed- 
ing males has disappeared and it is unusual to see them after the first week 
in June. A mated pair, the male actively displaying, was seen on 
Hunter’s lake south of Kamloops on June 11, 1938, this being an excep- 
tional record. A light-coloured male was seen on a small mountain pond 
on the Monoshee divide in July, 1932, and two others of similar appear- 
ance in the Cariboo in August, 1936. These may have been yearling 
males far advanced in the moult to adult plumage or they may have been 
adult males in partial edipse. During July and August of 1936, 1937 and 
1938, when this spedes was being observed nearly every day, a total of 
eight males was observed; three of these have been referred to, of the 
remainder three were definitely yearlings and two were adults in full 
breeding dress. One of the latter was in company with seven yearling 
females on 160 Mile lake, July 8, 1938; this bird was not present when 
the lake was next visited on J uly 22. The other adult male was recorded 
on Sorenson lake in Chimney creek valley on July 9, 1988. The only 
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available fall record for an adult male is a specimen collected in the 
Okanagan valley on October 23, 1918. 

At Atlin, Swarth saw six adult males on June 14, 1924, “being first 
evidence of the impending departure of the drakes and during the next 
few days southward flying flocks were noted over lake Atlin and else- 
where. No old drakes were seen during the latter part of the summer. 
One shot on June 30 was beginning to moult into the eclipse plumage’’ 
(Swarth, 1926). 

The general absence of adult and yearling males in the interior from 
mid-June to the following spring is of particular interest because it has 
been recorded by Skinner (1937) that males form part of the summer 
population in the Yellowstone National Park, Wyoming. 

Summarizing the foregoing it can be stated briefly that yearling males 
(which have associated with the adults on the wintering grounds and 
accompanied them to the interior in the spring) disappear during the time 
the adults are absorbed in the reproductive process — the period during 
which the numbers gradually become less may extend over a month or six 
weeks. Later the adult males retreat. A lai^e number of yearling 
females remain all summer in the interior, possibly the entire number 
does so. In early fall the yearling and adult females and finally the 
young of the year migrate. 

The following dates are of last appearances of young birds on a series 
of small ponds in the Okanagan: October 11, 1912; October 6, 1915; 
October 23, 1916; October 24, 1918. 

Winter records for Okanagan lake (all young birds) January 20, 1914; 
January 7, 1916; December 30, 1916; January 15, 1917. 

The seasonal movements are outlined in the followipg table: 


January-February Association of both sexes and all ages on coast 

waters. 

March-April Migration to interior. 

April-May General concentration on interior waters; 

adults mate and depart to nesting grounds. 

May-June Gradual segregation of sexes; adult and year- 

ling males gradually disappear; yearling fe- 
males remain; adult females bring young to 
water. 

July- August Population restricted to adult females with 

young and yearling females. 

August-September Adult and yearling females moult and then 

migrate. 

September-October Young of the year migrate. 


November-December Association of total population on coast 

waters. 
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So far as is known no locality frequented by a summer population of 
adult and yearling males has been discovered, but there is strong presump- 
tive evidence that the location is on salt water. If these males spend the 
summer on interior waters it seems remarkable that this fact should have 
escaped discovery. On the other hand the coastal waters, comprising a 
shore line of 7,000 miles in British Columbia alone, are comparatively 
unknown ornithologically. Furthermore it is well known that the adult 
males of other species of inland nesting sea-ducks, for example the Harle- 
quin duck, do make this post -breeding flight to the sea where they 
associate in large flocks during the flightless period. 

However this may be, it is well known that from early fall until spring 
Barrow’s Golden-eye of all ages associate in flocks on the coastal waters 
both salt and fresh and that only a few individuals winter on inland 
waters. 

It must not be inferred from the foregoing that all the Barrow's 
Golden-eye which have nested in the interior of British Columbia fly 
westward to the coast. Very likely there is a migration route down the 
Columbia valley and east of this also. The species breeds and some 
individuals winter in Wyoming; a migratory movement also has been 
observed there. It is not improbable that some birds originating in 
British Columbia winter in the Rocky Mountain states as well as on the 
coast regions of Washington and Oregon. 

Courtship and Nesting 

The courtship period is of long duration, commencing on the coast 
and reaching its greatest activity in April on the lakes of the interior 
where large concentrations take place. When displaying the male throws 
back the head with a quick jerk until the bill points backward, or merely 
stretches the neck upward to its greatest extent, or makes a succession of 
quick bows. Usually the head movements are accompanied by a quick 
backward thrust of the foot that may send spray flying. These actions 
vary in intensity and have numerous modifications. The male may also 
thrust his neck forward and thus flattened surge over the water sometimes 
towards a female but more often in the direction of a second male, or he 
may dive and emerge close beside another male as if trying to strike from 
below. The male may display in the fHVsence of females, beside a 
particular female, or when alone, and the whole performance of bowing 
or jerking suggests a spasmodic and automatic tic over which the bird 
has no control. The female may respond by a series of quick bows 
and sometimes may swing around in a half circle so that she faces away 
from the male. 

A sudden rise from the water and a rapid flight around or above the 
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lake, through or above the trees, or a circle high in the air are part of the 
courtship ritual. These actions may be performed l)y one pair, the female 
in the lead, or by a female and several males, or by larger groups and 
sometimes by single birds of either sex. These flights are continued with 
less frequency during the time that the female is incubating eggs and the 
males are occupying a territory which she visits once or twice a day. 

Thus at Horse lake (May 16 to June 1 , 1937) an adult male spent most 
of each day within a small area along the shore of a wooded peninsula 
on the L-Y ranch. Here he was joined, usually in the early morning or 
in the evening, by an adult female and the two fed together on this ter- 
ritory. The female also was seen a number of times flying over the 
peninsula (where undoubtedly her nest was located) and sometimes was 
accompanied by the male. One such flight was observed at 6.00 a.m. on 
May 28 when the female was accompanied by four yearling females and 
the male followed about one hundred yards behind. One of the females, 
presumably the adult, uttered a shrill call during the entire flight which 
lasted five minutes or so — the vowel sound “e** on a high note repeated 
rapidly gives a fair Imitation of the sound. The male called con- 
tinuously also— a similar note on a lower key repeated less rapidly. 
These high-pitched notes are quite different from the hoarse croaking note 
that is heard under ordinary circumstances. 

During the courtship period there is a great deal of excited and exces- 
sive activity and there is often displayed a considerable amount of appar- 
ent hostility on the part of males toward other males. On one occasion 
(April 26, 1918) the males of two pairs on a small pond were actively 
hostile, swimming rapidly towards each other and when meeting standing 
upright and striking with their wings. During an internal between hostil- 
ities when the mated birds were together, a third female alighted on the 
lake and immediately one of the males left his mate and flew to the 
strange female. He bowed vigorously for a few minutes and then dived 
and attempted to emerge below the female, whereupon she flew to a 
distant part of the pond and the male returned to his mate. It was 
observed on another lake (May 7, 1922) that two yearling males in com- 
pany kept apart from a group of three mated pairs which were displaying 
almost continuously and making short flights around the lake. On one 
of these periodic flights by a mated pair a second male flew in pursuit and 
followed closely until the pair slanted down to the water when he sheered 
off. One mated pair on the water drifted gradually towards the two 
yearling males. When the two couples were fifty yards or so apart the 
adult male charged over the surface towards the yearlings and drove them 
to another part of the lake. 

A considerable portion of the Okanagan, Nicola, Kamloops, Cariboo 
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and Chilcotin districts in the southern interior of British Columbia is 
more or less open, rolling, sparsely timbered country and many of the 
declivities contain ponds, sloughs or small lakes. The majority of these 
waters are alkaline to a greater or lesser degree and this governs the 
amount and variety of vegetation in and around them. The less alkaline 
are fringed with Scirpus or Carex or both and usually contain other 
aquatic plants. Others, more strongly mineralized, show alkaline efflor- 
escence on the hard shores with marginal growth usually limited to So/*- 
cornia europoea or Hordeum jubatum. Most of these waters of whatever 
alkalinity contain amphipods, phyllopods and other small animals. These 
alkaline ponds are favoured by Barrow's Golden-eye during the courting 
period and when the birds have paired off the smaller ponds will be occu- 
pied by a single pair only. 

There is some competition for certain sloughs, favourably situated as 
to food and nesting sites, and should anything happen to the pair in pos- 
session another pmr may move in. Thus when a pair was killed on a 
small pond near Vernon, April 26, 1918, it was observed. May 14, 1918, 
that another pair had taken possession of the territory. These waters 
also serve as nurseries for the young and a family, if not molested, may 
remain on the same pond for some time after it has reached the flying 
stage. 

The relative value of food and nesting sites in determining breeding 
locations is a point of interest. Normally a hollow tree or tree cavity is 
used as a nesting site but the first essential is food and lakes seem to be 
selected on this basis rather than on the availability of nesting sites. 

Rollings lake, a shallow, muddy lake of 300 acres, near Lumby, con- 
tains great numbers of amphipods, Hyalella atUca and Gammams Um~ 
naeus, besides a dense growth of sago pondweed and other suitable foods. 
The population of this lake has varM only slightly in twenty years in 
spite of a gradual reduction in the number of normal tree-nesting sites. 
When this lake was first visited in 1916 a large number of dead, hdlow 
trees were standing close to the lake and some were used as nesting sites. 
Many of these fell or were cut down from time to time but the Barrow’s 
Golden-eye population decreased very little. The birds evidently adapted 
themselves to changed conditions and found nesting sites at greater dis- 
tances from the lake, sometimes a mile or more away. This was confirmed 
by an observation made on May 23, 1928, when a female followed by ten 
downy young was seen walking along a dusty road and headed for Rol- 
lings lake about three miles away. The nesting population as observed 
at intervals during the period from 1918 to 1936 was as follows: May 26, 
1918, 5 pair; May 28, 1919, 4 pair; June 4, 1926, 4 pmr; May 12, 1980, 4 
pair; May 18, 1936, 3 pair. 
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Brants lake, near Summerland, is a long, narrow artificial lake be- 
tween low, bare hills; normal nesting sites are very scarce, indeed no tree- 
nesting sites have been found. The lake contains numerous amphipods. 
The population on May 12, 1918, comprised twelve mated pairs and six 
yearlings and on June 20, 1920, ten females with broods averaging six 
young as well as a small number of yearling females. 

Through these regions also, generally at higher altitudes, are many 
other nesting grounds comprising true mountain lakes with deep, fresh 
water and wooded shores. If these contain suitable food, as most of them 
do, they may support a large nesting population. For example, Paul lake, 
three and one-half miles long, was occupied by eleven pairs in 1936 and 
nine pairs in 1937. 

Precipitation is an important factor in relation to reproduction. In 
average years all ponds contain water and evidently food but during 
periods of decreased precipitation many ponds are greatly reduced in size 
or dry up entirely and as a consequence local populations decrease in 
numbers. 

A series of small ponds near Vernon maintained about the same popu- 
lation of Barrow’s Golden-eyes during the period 191 1 to 1920. These 
were years of average precipitation and all of the ponds contained water. 
Some of the ponds dried out during a period of decreased precipitation 
from 1928 onward and the duck populations decreased. Similar observa- 
tions in later years were made in the Cariboo region and it would seem 
that the amount of suitable water available has a very direct bearing on 
the size of the Barrow’s Golden-eye population. 

In British Columbia the Barrow’s Golden-eye usually lays its eggs 
in a tree cavity which may be a hole in a live tree, a low>tree stump hol- 
lowed out by fire or decay, or a tall dead stub. While laying is in pro- 
gress, and afterwards, the female plucks down from her abdomen and 
places it in the nesting cavity. The amount varies in quantity in dif- 
ferent nests; in some it is sufficient not only to insulate the circumference 
of the nest but to cover the eggs as well. Most of the sites that have been 
described were in or close to water but it is probable that the majority are 
located at a distance from water. Nests have been found by watching a 
female fly from her feeding ground to the nesting tree, by the detection 
of down adhering to the edge of the nesting cavity, or by accidental 
discovery. 

A. Brooks (1903) refers to a nest in a hole fifty feet from the ground 
in a Douglas fir that was situated about 400 yards from the nearest water. 
Munro (1918) describes three nests discovered in the Okanagan valley 
and (193S) records a nesting ate in the burrow of a Yellow-footed Mar- 
mot, Marmota jbmomtrus avara. 
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The author discovered another nest at Rollings lake on May 28, 1919, 
an illustration of which appears without detailed description in Bent 
{loc. cit., plate 6). This was situated in a hole near the top of a twenty- 
five foot fir stub standing in water close to the lake shore. The cavity 
contained six eggs and a large quantity of down. So far as known the 
foregoing are the only published descriptions of nests found in British 
Columbia. Skinner (1937) reports that all the nests he found were in 
hollow trees, “either standing on the shore, or within a hundred feet of 
lakes, small natural ponds, leaver ponds or streams". The few additional 
American records of nesting all refer to nesting sites in trees. 

In Iceland the manner of Barrow’s Golden-eye nesting is quite dif- 
ferent. J. G. Millais (1913), as quoted by Bent (loc. cit., p. 17), states 
that the nest is usually placed “in a hole in the bank of a stream flowing 
into a lake, in a hole in the lava rocks close to the water, or on some low 
island under bushes of dwarf willow, or dwarf birch, amongst coarse grass 
or low shrub”. 

No observations of the method by which downy Barrow’s Golden-eyes 
leave their nests (some of which are situated fifty or more feet from the 
ground) have been recorded. Very probably the young tumble out of the 
nest in the same manner as do the downy American Golden-eye (Bent, 
he. cit.). 

Reports of young Barrow’s Golden-eye being carried to the water one 
at a time in the bill of the mother, or on the mother’s back, belong to the 
annals of folklore rather than to natural history. 

Behaviour of Yearlings 

There is no evidence that yearling Golden-eyes breed although during 
the spring there is some manifestation of sexual excitement amongst them 
and they go through various performances which in the adults form part 
of the reproductive process. A yearling male has been observed to fly in 
pursuit of a yearling female which had taken wing from the surface of a 
pond, circle the pond, then splash into the water and after a quick dive 
take flight again. Similar actions may be performed by two young 
females. Moreover, yearling females have been seen entering tree cavi- 
ties that were suitable nesting sites. Thus at Nicola lake on June 15, 
1917, five yearling females passed in rapid flight through and over the 
cottonwoods along the lake shores, after which they splashed into the 
water and paddled ashore where all stood close together on a prostrate 
log. Later several flew into nesting holes which inspection showed to be 
unoccupied. ‘ No adults were in the vicinity. At Rollings lake, May 28, 
1919, a yearling male, with white crescent on the head, acted as if mated 
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to a yearling: female. The two birds remained close together and did not 
associate with the other golden-eyes on the lake. 

Sometimes yearlings may invade a territory occupied by a breeding 
pair where they make display flights and perform the various courtship 
actions. 

At Horse lake (May 26 to June 1, 1937), a territory, occupied by a 
breeding male whose mate was incubating, was visited by a number of 
yearling females, as stated earlier. Precisely the numbers were five on 
May 28, ten on May 30 and seven, accompanied by a yearling male, on 
June 1. Their visits took place in the early morning and after feeding 
they rested, usually inside a pole corral which was built half in the water 
and half on land immediately in front of a log stable. Here they relaxed, 
some drifting about on the water, others crouched on the poles above it. 

It was observed at Paul lake and elsewhere that a single yearling 
female may become attached to a breeding pair and continue the associa- 
tion after the male has left, remain in the vicinity during the time that 
the female is incubating and resume the association when the female has 
led her brood to the water. 

The following incident, observed on a small lake near Kamloops on 
June 11, 1938, suggests also that a yearling female may sometimes take 
forcible possession of a brood. A yearling female pursued and drove on to 
the shore an adult female which was leading a brood of seven downy 
young. When reaching the shore the yearling grasped the tail of the 
adult in her bill and held on while the adult with difficulty struggled over 
the stony ground, dragging the second duck. Six of the young followed 
close behind, tumbling over one another and over the stones that impeded 
their progress; the seventh young bird remained on the water. The 
yearling finally relaxed her hold, flew to the single young bird on the 
water and the two swam off together. The adult female led the six young 
to the water and swam away in a different direction. 

Until about the end of July yearling females are present on many of 
the lakes occupied by females and their broods; for example, on a small 
lake south of Clinton, twenty-three were gathered in one flock on July 13, 
1937. By early August many of them have left these lakes and joined 
other species of diving ducks on certain waters favoured during the flight- 
less period. For example, at 103 Mile lake on August 14, 1937, approx- 
imately sixty, some of which may have been post-breeding females, were 
associated in a large raft with BufRe-head, Lesser Scaup and Ruddy Duck, 
most of them being flightless. All but one of the Barrow's Golden-eye 
were females, the exception being a yearling male. Another similar raft 
on 106 Mile lake (August 6, 1987) contained about eighty females; most 
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of these also were flightless. By August 25, 1937, all the ducks present 
on these two lakes were in flying condition. 

A total of 150 (estimated) yearling females was present on Green lake, 
July 27, 1937. Some were associated with a large flock of non-breeding 
White-winged Scoters, and two separate flocks of seventeen and twenty- 
five were counted. The mineral content of this lake is high and the waters 
are very clear ; it contains none of the plant foods eaten by ducks nor do 
any cover plants grow on its shores, consequently it is not used by nesting 
ducks. There are numerous amphipods in the lake and it seems likely 
that this food attracts the non-breeding water-fowl. 

The appearance of yearling females in the Cariboo region becomes 
prc^ressively lighter in colour as the summer advances. Usually the 
head fades to buffy brown, even showing areas of white where the pigment 
has entirdy disappeared (Plate I). Flanks, chest, tail and back may 
become so light that the bird has the appearance of an albino. Adult 
females usually show less fading; possibly the time spent in darkness 
while ihcubating eggs may retard plumage disintegration. Another per- 
tinent factor may be the generally different summer habitats of adult and 
yearling females; the former more often frequenting shaded lake margins 
and the latter the more open waters. 

General Observations of Females and Young 

In life the well-grown young seem darker than the adult female which 
usually accompanies them, and still darker than the generally more faded 
yearling females. Under normal condition of observation the brown 
colour of the head appears to be blacker in the young than in the adult 
female, in which, at this season, it has usually faded from the deep, rich 
brown of spring to a more tawny, golden shade. The young birds have a 
sleek, trim appearance while that of the adult is unkempt. Other age 
distinctions noticeable in life are the absence of the white collar in the 
young and the difference in colour of the iris, which is clear yellow in the 
adult female and dark amber in full-grown young. 

Females sometimes leave their broods (in order to moult) before the 
young are able to fly and when this occurs the brood may hold its entity, 
or it may scatter, or it may join with other broods, llius at 150 Mile 
lake on August 2, 1937, a band of seventeen young, well-grown but unable 
to fly, was unaccompanied. For a time this particular band was led by a 
female Lesser Scaup. Various other instances of unaccompanied young 
might be cited. 

On small lakes inhabited by a large, mixed population of diving ducks 
the female plus brood association is less apparent than it is on laige, thinly 
populated lakes. In the former, ducks of several species, of both sexes in 
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some species, and of all ages congregate in rafts and when this happens 
broods of Barrow’s Golden-eye lose their identity at a comparatively 
early stage of development. These large associations of several species 
of ducks, which usually contain American Coot, Fulica americana ameri- 
cana and Holboell’s Grebe, Colymbus grisegena holboeUi also, have a de- 
cided survival value for all concerned ; all of the individuals comprising 
it become exceedingly wary and the actions of the young Barrow’s Golden- 
eye, diving and hiding when first alarmed, are in marked contrast with 
the action of those on other waters where these mixed associations do not 
occur. 

This tolerance of other species, including coots, observed on crowded 
lakes, is not always the case elsewhere. On a small pond (July 9, 1915) 
a coot that tried to feed with a brood of half-grown Barrow’s Golden -eye 
was repeatedly attacked by the adult female, who rushed over the water 
and struck the coot with her bill. (It has been reported verbally that 
coots kill young Barrow’s Golden-eye, but no instance of this has been 
observed by the author.) 

The adult females leave their broods early in August and proceed to 
moult; the flightless period is estimated to be two to three weeks. A 
specimen collected on August 6, 1937, still carried some of the secondary 
wing feathers; the new primaries were sheathed; the tail feathers faded 
to pale drab ; the bill brownish olive with a suggestion of dusky yellow 
on the sides of the terminal third and the inter-ramil region ; the iris clear 
yellow; the ovaries small. 

Females which have raised broods on some of the larger mountain 
lakes where there is competition for food may fly some distance just prior 
to the moult and join the yearling females, the Lesser Scaups and other 
ducks, which probably have commenced moulting earlier. This is an 
assumption only; moulting adult females possibly may remain on these 
nesting grounds and hide so successfully as to escape observation. It 
seems clear that on certain other lakes (which, in addition to being nur- 
* series for young Barrow’s Golden-eye are used also as retreats by other 
diving ducks during the flightless period) the adult females remain and, 
with their young, form part of these mixed populations. 

The adult females leave the interior before the young of the year, very 
likely shortly after the moult and in company with the yearling females. 
This statement is based upon the author’s extended observations which 
show that the interior autumn population is almost entirely restricted to 
birds of the year. These may appear in small companies up to six or 
seven, perhaps in some cases representing definite bro^s originating on a 
small lain where there was no tendency to separate, or else in flocks of 
relatively large numbers. Such flocks are sometimes seen in the late 
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summer prior to any general migration of adult females and yearlings. 
Thus at Grfiose lake near Vernon on August 10, 1919, a flock of fifty had 
assembled. 

Popui-ATioN Studies 

The general behaviour of breeding birds in the spring and of summer 
populations is illustrated in the following studies, one made at Paul lake 
and adjacent lakes, the other at Horse lake in the Cariboo District. The 
first describes the behaviour of mated birds and females with downy 
young; the second is chiefly concerned with the behaviour of females and 
older broods. 

Paul lake 

Paul lake is situated in a narrow, mountain valley between the North 
and South Thompson rivers, at an altitude of 2,560 feet, about twelve 
miles northeast of Kamloops. It is approximately three miles long and 
one-quarter to one-half mile in width. The surrounding steep mountain 
slopes are covered by coniferous forest with trembling aspen replacement 
on burnt-over areas. Shoreline tree-growth consists of Douglas fir, 
yellow pine, black cottonwood, trembling aspen, mountain birch and 
Sitka alder. Several low-lying tracts on the north side subject to inun- 
dation are partly covered by low brush, chiefly willow and dogwoods, and 
this vegetation is general east of the lake in the valley bottom through 
which flows a tributary stream draining Pinantan lake two miles distant. 
(Paul lake drains into the North Thompson river through a rapid stream 
which leaves the lake at its western extremity.) 

This lake provides the food and shelter necessary for the production 
of a large population of Barrow's Golden-eye. Along much of the shore 
line for a short distance out the waters are shallow enough so that diving 
ducks may secure food without difficulty; elsewhere the lake is deep and 
feeding grounds are therefore limited to shoreward areas. The bottom 
vegetation is chiefly Chara and rich in such food organisms as amphipods, 
gastropods, pelecypods and the larvae of numerous species of insects. 

Nesting requirements are available close to shore where many dead 
trees of large size, sheltered by surrounding live growth, remain upright, 
while on the rocky forested mountain side other less conspicuous sites, 
such as rock crevices, perhaps are used. One nest in the hollow, dead top 
of a live Douglas fir was definitely located. Resting places are provided 
by stretches of shore-growing brush overhanging the water, by prostrate 
tree trunks anchored by their branches to shore and lake bottom, and in 
the flooded brush-covered sections. 

In order to enumerate the Barrow’s Golden-eye population and to 
obtain qualitative data concerning their life-history, Paul lake was visited 
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during 1936 for the period May 11 to May 16, on June 16 and 17, and on 
July 20 and 21. On each occasion a survey by canoe was completed. 
During the intervals between visits to the lake, Mr. Lyle Crowe, who 
spent the entire summer at Paul lake, undertook to keep a record of the 
number of adult males present, and later, so far as apossible, of the 
broods. His observations are included in the following account. 

Adult and Yearling Population 

Population counts during the period May 11 to May 16 were made on 
three days at different hours. At this time mated pairs were in possession 
of definite territories, comprising shallow inshore areas, and the pro- 
cedure in counting was to paddle slowly along shore until birds were 
sighted and then to make a wide outward semi-circle in order not to put 
them to flight. By so doing the chance of counting the same birds twice 
was lessened. 

It was established that the breeding population consisted of thirteen 
pairs; of these one pair, and the mate of a female believed to be incubating 
eggs, were collected for the purpose of stomach analyses. The population 
then consisted of eleven adult males, twelve breeding females and in addi- 
tion, six non-breeding females, most of which were considered to be 
yearlings. No yearling males were on the lake. 

There was, of course, no difficulty in identifying the males as islandica. 
In the case of most of the females it was possible, at one time or another, 
to approach close enough so that through 6X binoculars the contour and 
colour of the bill could clearly be seen. The latter character at this time 
of year served with a fair degree of certainty to distinguish old females 
from yearlings, in which the yellow coloration is less pronounced. A 
dissimilarity in the colour of the iris, noticeable in freshly taken speci- 
mens, was not apparent in life. Later in the season the difference in bill 
coloration due to age could not readily be detected in life but was apparent 
in freshly killed specimens. Thus, in the case of two non-breeding fe- 
males, an adult and a yearling, collected on June 17, 1936, the colours of 
soft parts were recorded as follows; 

No. 1 9 adult, iris wax yellow; upper mandible chiefly faded yellow to 
cream with dark brown base and black nail; rami honey yellow and 
inter-ramal region olive brown; tarsi honey yellow. This bird had 
well-developed ovaries but apparently had not nested as no down had 
been pluck^ from the belly. 

No. 2 9 yearling, iris oil yellow, decidedly more greenish than No. 1; 
upper mandible fuscous, area behind nail clouded with saccardos 
umber, nail black; rami olive brown ; inter-ramil region honey yellowy 
tarsi yellow ochre. (Colour-terms are those of Ridgeway, Cdor 
Standards and Color Nomenclature, 1212.) 
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According to the observations of Mr. Crowe, the adult males began 
to leave the lake shortly after the author^s first visit was concluded, and 
the last was seen on June 8. His counts are as follows: May 16, eleven; 
May 18, seven ; May 20, five; May 22, seven ; May 26, five; May 26, four; 
May 27. four; June 1, six; June 2, six; June 5, six; June 6, two; June 7, 
one; June 8, one. 

Mr. Crowe also reported that in the period June 1 to June 5 six adult 
males, sometimes accompanied by twelve or more females, which were 
identified as yearlings, associated in one flock. They appeared to be 
restless, flying from one place to another near the west end of the lake. 
At this time also an evening flight over the take was observed several 
times. The number of birds was not counted. 

Distribution 

From May 11 to May 16, mated pairs were distributed as follows: 
one p>air in a swampy bay at the outlet of Paul creek; two pairs about one 
mile apart on the south shore; eight pairs along the north shore. The 
latter district is the most desirable in respect to nesting sites, food and 
shelter; it includes sloping shores overhung with brush and an area of 
willow and dogwood swamp in which are several beds of Scirpus and 
Typha. The territories of four pairs centred at)out this swamp, which is 
a mile long and two or three hundred yards wide. 

With two exceptions the mated pairs were always seen together; 
evidently at this time most of the females w^ere laying and the periods 
spent on the nest were of short duration. The exceptions noted refer to 
males in single occupation of territories which they seemed loath to leave 
even when approached within a few yards; possibly in these cases the 
females had commenced incubation but the sexual process of the males 
had not reached a comparable stage. 

Each pair remained fairly constantly within an extent of shore line 
which varied in length at different parts of the lake — the territories on 
the more populated north shore being smaller and less welPdefined than 
those on the south shore. Here the golden-eyes might sometimes be seen 
feeding but more often resting on the water or on one of the numerous 
prostrate trees lying at right angles to the shore or projecting above the 
surface of the lake. These latter, standing at various angles, several with 
ends broken five feet or more above the water, were favourite perches. 

The posture of a resting bird was one of complete relaxation, the belly 
pressed against the log, the tarsus flexed and the bill hidden in the bil- 
lowed chest. A female resting in this manner upon a half-submerged log 
was visited by a male, presumably her mate, which was seen first flying 
swiftly, low down, over the still lake. When quite near, with steadied 
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wings and out-thrust feet braking the swift flight, he splashed into the 
water and a moment later climbed on to the log and crouched down close 
to the female. 

These pericxls of rest were subject to various alarms and interruptions 
caused by passing fishermen, but while the ducks would submit to a close 
approach without moving from their resting place they showed increasing 
signs of awareness as an observer drew nearer. Usually a duck thus dis- 
turbed would rise on its toes and after some hesitation step into, or fly 
down to, the water; rarely did it take flight. 

While for the most part the males remained close to their mates, 
occasionally one, c^r sometimes two or more in company, made excursions 
into an adjoining territory and joined the f)air that was in occupation. 
When this took place little demonstration of sexual excitement was made 
by an>' of the birds which had come together, as would have been the 
case at an earlier stage of the reproductive period. Not infrequently a 
male left his male and performed a short flight. This was the only part 
of the nuptial display observed at Paul lake. Very often one of the year- 
ling females attached herself to a mated pair, several such trios being 
encountered at different times. Such associations were not constant, as 
the yearlings would sometimes return for a short time to the small flock 
of non-breeding females which for the most part kept together. Subse- 
quent observations elsewhere of normal sized broods accompanied by two 
females suggested that a companionship between an adult and an imma- 
ture female persisted after the male had left and continued through the 
entire summer. No doubt while incubation was in progress the breeding 
female, during the times spent on the water, would join the yearling and 
thus the connection would be maintained until such time as the young 
were brought to the water; after which the two females would again be 
in close association. 

Summer Population 

By June 17, two broods, of eleven and twelve respectively, had been 
brought to the water; the only other Barrow’s Golden-eyes seen on that 
date were three yearling and one adult non-breeding female which were 
together when observed. Two of these were collected as has been noted. 
The females which still were incubating eggs did not appear on the lake 
at the times it was under observation. 

During the interval between June 17 and July 21, when the lake was 
next visited by the author, Mr. Crowe kept a record of several broods» 
which were seen at different times on definite territories, in order to 
establirfi the date of their first appearance and the rate of survival. Cir- 
cumstances did not permit detailed inspections so that all the broods were 
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not enumerated, and no doubt Mr. Crowe sometimes did not see all the 
members of a brood, ne^'ertheless his observations as tabulated below are 
of value. 

No. 1 — ^June 21, five or more: June 30, six; July 6, ten; July 8, nine. 

No. 2 — ^June 27, nine: June 28, nine: June 29, nine; July 13, nine. 

No. 3 — June 28, three; June 30, three; July 1, ten. 

No. 4 — ^June 28, eight; June 30, eight; July 1, eight. 

The total population on July 21 was as follows: 

3 adult 9 with broods 3, 8, 12 i grown 

2 “ 9 “ “ 2,8 I “ 

4 “ 9 “ “ 2, 3,6,8 i “ 

Young not accompanied 2 
Non-breeding 9 7 

Total population 70, of which 52 were young. 

Of the eleven mated pairs observed in May, nine had succeeded in 
bringing broods to the water. The average number in a brood on J uly 21 , 
that is, approximately a month after hatching, was six, which represents 
a survival of 66.6 per cent on the basis of an original average of nine 
young to a brood. 

It is difficult to account for the loss. On the assumption that it is 
caused by natural enemies it would be necessary to consider horned owls, 
which are known to nest near the lake, and loons, of which one pair nested 
but did not raise young. There was no evidence of other predators being 
present. Neither coots nor grebe nested on the lake. The partially 
decomposed carcass of a half-grown Barrow’s Golden-eye was found 
floating on the lake and an examination of this specimen, necessarily super- 
ficial because of the bird’s condition, showed no sign of bodily injury. 
This was the only evidence which suggested predation. 

Behaviour of Young 

In most cases a brood when first detected was close to shore, often 
under the shelter of overhanging brush. Sometimes the young birds 
swam in a massed flock, again in single file behind the female. One brood 
of nine was grouped about an adult female resting on a half submerged 
log and in the water close by lingered a second female, probably a year- 
ling, which had attached herself to the family. A brood of eight, about 
one-third grown, swam out from shore keeping close tt^ther and com- 
menced diving for food close to the canoe in which the observer was 
seated. After a short submersion the small birds popped up buoyantly 
to the surface, one at a time, and in a second or so dived again, exactly 
as adults do when feeding. As the canoe drifted closer, d»e birds re- 
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assembled in a flock, their heads, on which white cheek patches were still 
prominent, all pointed in the same direction as the little group followed 
close behind the female. For a few minutes they swam thus, then strung 
out one behind the other with the female leading. 

Elsewhere the downy young have been seen feeding from the surface, 
gliding rapidly along and making quick darts from side to side during 
which they picked up small objects, perhaps insects, from the water. 

On May 19, 1937, the population consisted of nine pairs and five 
yearling females. The territories occupied l)y the breeding birds were 
practically the same as those occupied in 1936. In three instances mated 
birds were feeding or resting on their respective territories; they were 
very tame and kept close together; the other territories were in possession 
of males only, the females probably being on their nests. One male was 
mated to a female which had an entirely dark bill. 

Horse Lake 

Horw lake (altitude, 3,600) is eight miles long with a maximum width 
of one niile and lies almost due east and west. It is a deep lake and con* 
tains the food necessary for the support of a large fish population (includ- 
ing Kamloops trout, lake charr, squawfish, suckers and lake shiner) as 
well as various waterfowl of which Barrow’s Golden-eye is the most 
conspicuous during the breeding season. 

The land on the north side rises steeply from a narrow flat which 
terminates in a stony beach. Part of the slope is covered with Douglas 
fir, lodge-pole pine and poplar forest; the remainder is open grass-land 
broken at almost regular intervals by brushy draws. The shoreline tree- 
growth is chiefly poplar, willow, dogwood and alder (the latter over- 
hanging and screening the stony beach in many places) and farther back 
from the water taller, isolated balm-of-gilead and scattered Engelmann’s 
spruce. There is no marsh growth on this side of the lake. Along the 
south shore are low, timbered mountains; between them,open draws slope 
to the lake and end in wide flats or benches; adjacent to these flats are 
stretches of boggy ground covered with willows and various species of 
sedge Carex. The prevailing type of overhanging alder cover is present 
along the narrow base of the timbered, mountain portions. It was noted 
time after time how dependent upon this growth were young golden-eyes 
when seeking cover, also that the shallows directly beneath them were 
the most important feeding grounds. From a point near the west end <rf 
the lake for a distance of approximately three miles eastward, the water 
diallows inshore and a continuous belt of Scirpus, of varying width and 
density, is present. 

At toth ends of the lake, the inlet and outlet respectively of Bridge 
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creek, are shallow areas with Typha, Scirpus and Carex marshes. The 
bottom is sandy and supports a considerable growth of various Potamo- 
geton, Ceralophyllum, Myriophyllum, Utricularia, Sagittaria and other 
aquatic plants interspersed with areas where yellow pond-lily, Nytnphaea, 
is dominant. 

In these shallows is an abundant supply of small animals including 
snails (Planorbis, Lymnaea and Physa), insect larvae, leeches and amphi- 
pods, but the latter are more plentiful in the main body of the lake where 
the dominant bottom growth is Chara. 

A wide, shallow bay with a marl bottom, on the south side of the lake 
two miles from the eastern end, is less well supplied with aquatic plants 
and their attendant animals except along the Typha and Scirpus fringed 
shores where the marl contains a larger admixture of humus. Extending 
from the mouth of this bay westward is a narrow reef where the water 
shallows to eight feet or less and over a portion of this reef is an “island” 
of Scirpus roughly fifty by three hundred yards. Amongst these rushes, 
which are so widely spaced as to offer no obstacle to the progress of a 
canoe, are various long-stemmed plants, including Potamogeton natans 
and Potamogeton foliosus, rising through the clear depths. Both these 
plants and the sturdier rushes form emerging ladders for the larvae of 
aquatic insects and clinging places for snails. This reef proved to be an 
important feeding ground for Barrow’s Golden-eye, as did the other 
shallow areas mentioned. 

Studies of the summer population of Barrow’s Golden-eye at Horse 
lake were carried on during July and August in 1936 and 1937. 

Observations in 1936 

The association of two females with one brood was noted several times 
but it was not always possible from observation to decide if one of these 
was a yearling, although, from the different actions of the two individuals 
when alarmed, it seemed probable that the associations were similar to 
those observed at Paul lake. 

When females with broods were approached it was unusual for the 
parent to fly; more often the female, slightly in advance of the 3mung 
which swam sometimes in single file, sometimes in a compact flock, led 
them to open water or, if near shore, to the shelter of the overhanging 
alders. Here they would dive and separate to reappear at various points 
along the shore. This was the behaviour most commonly observed but, 
as is the case with other duck species, certain individuals showed less 
concern about their young than did the majority. Thus on a small pond 
near Horse lake, occupied by a female with twelve small young and a 
second female with ten young, two different reactions to alarm took place. 
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The first female led her brood, in the normal manner, to a distant part of 
the lake; the second when first detected was ten yards or so from one 
group comprising five of her brood and continued diving there, amongst 
a growth of lily pads, while the five young swam towards and finally joined 
the rest of the brood which were swimming alongside a wooded bank 
about a hundred yards distant. 

It was observed that many broods of young break up at a compara- 
tively early stage. It was common to see one, or more often two, young 
birds frequenting certain stretches of shore line and to find them in the 
same place day after day. After the brood has once broken up the female 
apparently does not attempt to bring the young together again. The 
brood of nine, from which one was collected on July 24, became scattered 
shortly afterwards and the female disappeared, probably to moult. One 
individual of this brood remained within a quarter mile stretch of shore 
line where it was seen whenever this particular area was visited and was 
last observed on August 2.3, nearly a month later. 

When a brood has strayed the female may attach herself to another 
brood, but in such cases, and they were noted frequently, there is some 
doubt whether the second female is an adult or a yearling. At this season 
the character of bill coloration is not available as a means of age deter- 
mination, nevertheless yearling females usually can be distinguished from 
adult females by the relatively lighter colour of the former. When two 
females attend a brood usually only one shows concern for the young in 
the presence of enemies. Thus in the example of the two females with a 
brood of nine recorded above, one female remained with the brood and 
the other flew away and was not seen to return, although it was again 
with the brood on the following day when it acted in a similar manner. 

This straying of young and joint caring for a brood by two or more 
females may be well illustrated by setting forth the population on a two- 
mile stretch of Bridge creek which on July 27, 1936, was as follows: 
female, six young; female, one young; female, one young; brood of four 
without parent; brood of three accompanied by three females. 

Possibly bald eagles may be implicated in the general scattering of 
golden-eye broods. Two pairs of bald eagles had n«ited earlier on the 
shore of Horse lake and, while no instance of their attacking golden-eyes 
was personally observed, one such instance was reported by a local resi- 
dent; also a headless body of a half-grown golden-eye was found under a 
fir tree near one of the eagle's nests. 

On August 18, 1936, all the young golden-eyes recorded had reached 
the flying stage and there were no definite broods. As was the case earlier 
in the summer these birds frequented the edge of marsh areas or shallow 
water close to the wooded shore sometimes under the overhanging 
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branches of willows and alders. The numbers of birds for a distance of 
two miles of lake shore on August 18, 1936, was: — 1, 1, 3, 1, 1, 2, 2, 2, 2, 1, 
— a total of 16. All these were tame and usually it wais possible to paddle 
within a few yards before they became alarmed and 6ew. Thteir tameness 
was particularly apparent when they were feeding close inshore under the 
overhanging branches or resting on some log or fallen tree extending out 
from the lake’s edge. 

Observations in 19S7 

In 1937 studies of the summer populations were resumed on July 14 
and continued at intervals until August 26. 

On July 22 the population as counted during a circuit of the lake by 
canoe comprised four non-breeding females, probably yearlings, fourteen 
females accompanied by young, none of which had reached the flying 
stage, and four half-grown young not accompanied by an adult female. 
The numbers in the broods were as follows: 1, 1, 4, 5, 6, 6, 7, 8, 8, 9, 9, 9, 
16, 19. No doubt both the two large bands included a number of young 
which had strayed from their rightful mothers. The average number in 
a brood, approximately a month after hatching, was eight. 

Some of these broods when first seen were feeding or travelling along 
shore, others were resting on logs either on or close to the shore. In two 
instances the female left her brood when disturbed: in all others the 
females remained with the young. 

It was observed that with some exceptions the young remained in their 
respective broods (a condition which was less evident during the same 
period in 1936), also that they made somewhat extended journeys along 
the shore, returning later to the areas usually occupied. Thus a band of 
nineteen led by one female was seen first on July 15, again on July 21 at 
the same place, but on the following day was found three miles to the east. 
These particular birds were all of similar size and when floating high on 
the water, as normally they did, looked as large as the adult f«Dale which 
accompanied them. When alarmed they sank lower in the water so that 
not much more than the head and top of the back were visible; in this 
position they looked much smaller and the greater size (A the female was 
readily apparent. When swimming in the normal manner they k^t 
close together, sometimes in a line, sometimes “bunched". In the second 
position the young ducks often were so dose that their flanks almost 
touched; in the first position the head of one bird was dose to the tail of 
the bird in front. 

At one time these particular golden-eyes were under dose observation 
for half an hour while they dived for food and it was seen that they sub- 
merged almost simultaneously while the female always remained on the 
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surface as if on the watch for enemies. A band of sixteen, which was 
feeding within or beside an open growth of bulrush close to shore, behaved 
in the same manner. This second group included birds of several ages, 
some with completely brown heads, others with patches of white down 
on the cheeks. They were remarkably fearless and when following them 
slowly in a canoe it was possible to approach within twenty feet of them 
before they increased their leisurely swimming speed. Only when the 
distance between canoe and ducks diminished to ten feet or so did they 
show alarm and scamper over the water. 

A second complete census was made on August 19 when the popula- 
tion, so far as could be determined, consisted entirely of young of the 
year. Apparently both the adult females which in late July were accom- 
panying broods and the small population of yearling females had left the 
lake, presumably to moult. Either this was the case or else they were so 
shy in their flightless condition and hid themselves so well as to escape 
observation. Many of the young were solitary and the largest number 
seen together was eight. They were scattered at intervals along the 
twenty-three miles of shore line, feeding in the shallows close to over- 
hanging alders, in or at the edge of the numerous bulrush beds, or else a 
short distance out from shore. None was seen on the open lake. The 
majority had reached the flying stage but some were stronger on the wing 
than others; this was apparent even among members of the same flock 
or brood. 

The following is a list of the birds as encountered: 1, 3, 1, 2, 1, 1, 1, 
4, 6, 2, 2, 1. 2. 4, 6, 1. 2, 1, 3, 2, 8,2, 3, 5, 2, 1, 1, 3, 2, 1, 1, 2, 2, 3, total 80 
Thus of the 116 flightless young representing fourteen broods observed 
on July 22, eighty had survived, and most of them had reached the flying 
stage, by August 19. 

On the basis of an original average of 9 young to a brood (as computed 
for Paul lake and elsewhere) the survival at approximately one month 
and two months after hatching was 92 per cent and 03.5 per cent respec- 
tively. 

Summer Population Counts 

The following presents a record of summer populations on certain 
waters where enumerations could be made with a fair degree of accuracy. 
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SUMMER POPULATIONS OF BARROW’S GOLDEN-EYE 


Locality 

Date 

Adult 

9 

Young 

Yearling 

9 

Adult and 
Yearling cf* 

Brant’s lake 

June 20, 1020 

10 

60 

8 

0 

Clinton lakes 

July 25, 1933 

5 

38 

3 

0 


July 22, 1936 

13 

65 

5 

0 


Aug. 24, 1936 

0 

79 

4 

0 


July 13,1937 

8 

38 

30 

0 


June 30, 1938 

13 

81 

24 

0 


Aug. 18, 1938 

0 

113 

0 

0 

Horse lake 

July 22, 1937 

14 

116 

4 

1 ^ 

Disputed lake 

July 29, 1986 

2 

22 

0 

0 

1 

July 25, 1987 

2 

14 

0 

0 

Longbow lake 

July 29, 1936 

0 : 

0 

1 

0 


July 26, 1937 

2 

12 

0 

0 

Irish lake 

July 26,1937 

2 

16 

0 

0 

Green lake 

July 27, 1937 

0 

0 

150 (e*t.) 

0 

103 Mile lake 

Aug. 8, 1936 

15 

27 

17 

1 yearling 


Aug. 4,1937 

20 

26 1 

40 

0 


July 10,1988 

4 

32 

6 

0 

105 Mile lake 

Aug. 6,1936 

1 

4 

9 

1 yearling 


Aug. 6,1937 

1 

21 

0 

0 


July 3, 1938 

2 

13 

1 

1 yearling 


Aug. 6, 193$ 

1 

20 

30 


Lily Pad lake 

Aug. 7,1937 

5 

16 

25 

0 

149 Mile lake 

July 31, 1936 

4 

22 

9 

0 


Aug. 2, 1937 

1 

20 

0 

0 


July 12,1938 

4 

39 

0 i 

0 

150 Mile lake 

July 31, 1936 

2 


7 

2 yearling 


Aug. 2, 1937 


17 I 




July 8, 1938 

1 

8 

7 

1 adult 

Paul lake 

July 21, 1936 

9 

54 

7 

0 

Anthony lake 

Aug. 5, 1936 

1 

17 

0 

0 

Mirage lake 

Aug. 1, 1938 

0 

0 

15 

0 

Tad lake 

Aug. 1, 1938 

1 

18 1 

0 

0 

Cummings lake 

Aug. 10, 1938 

4 

89 

0 

0 

Westwick lake ... 

July 9,1938 

4 

34 

13 

0 

Sorenson lake 

July 9,1938 

6 

31 

13 

1 adult 


Survival of Young 

The following table was prepared to show th^ rate of the survival of 
young as the summer season progressed. Except in a few instances cir- 
cumstances did not permit the counting of broods in any one locality more 
than once so that these enumerations have only a limited value. 
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1936 


1937 


1938 


July 21—2,2,3,3.6,8.8,12 
“ 22—2, 3, 3. 4. 5, 5. 3, 5, 
6, 5, 6, 6, 7,7, 8. 

** 23—9. 

“ 27-3, 4, 6. 

“ 29—10, 12. 

“ 31—2.6,7,7,7. 

Aug, 4 — 4. 

“ 5—6,11. 

“ 8 - 6 . 7 . 


July 13—2,3,5.5,6,7,7. 

“ 20—5. 

“ 22 - 1.3, 4, 5, 5, 6. 6, 7 
8. 8. 9, 9, 9, 16, 19, 
“ 25—5,6,7,8. 

** 26—7, 9. 

“ 31—5. 

Aug. 2 — 5, 5. 

3— 3, 4, 6, 7, 8, 8, 9. 

“ 4— 5. 6. 6, 9. 

“ 6 — 8 . 


Jul> 9— 4, 5, 6, 7, 7. 

8. 9, 9, 10. 

“ 12 — 6 , 6 , 8 . 

‘‘ 13—6,6.6,6,8. 

“ 15—8, 13. 

“ 18—4,5,6,8,9,9. 

“ 20—4, 14. 

“ 21 — 8 . 

“ 22—3. 

“ 23—7. 

“ 27 --6. 


7—8, 8. 


Aug. 1 — 9,9. 

“ 10—6,6,9.9.9. 


Winter Populations 

Information is lacking as to the dates upon which the adult females, 
females, yearling females and young of the year appear on the coast in 
the autumn. Birds of both sexes and all ages were common on Henderson 
lake, Vancouver island, November 10, 1922, but undoubtedly had arrived 
some time before this date. It seems probable that part, at least, of the 
southern interior population winters on the British Columbia coast, rather 
than on more southern coast localities, and the arrival of these birds would 
likely be at different periods following closely on the departure from the 
interior of the different age groups, which commences in late August and 
continues through September, Octolier and November. By late October 
most of the males from the previous year would be in adult plumage and 
these, together with the older males, presumably are on the winter 
grounds when the interior summer population arrives. 

Barrow’s Golden-eye seems to prefer fresh or brackish water to the 
more highly saline water. Thus we iind the species common on coast lakes 
and rivers and in waters adjacent to the Fraser river. It winters com- 
monly in Burrard inlet and Howe sound where the water is comparatively 
fresh, but according to the author’s experience, is scarce on the east coast 
of Vancouver island where the waters are more saline. At Departure 
bay, during parts of ten winters spent there, a total of four individuals 
only was observed. Apparently the toleration of the species for water 
with a highly saline content is limited and the chief wintering grounds 
are on the rivers and lakes. 

Probably also the food supply has a definite bearing on the winter 
distribution. As with the American Merganser, salmon eggs are one Of 
the chief winter foods and wherever salmon have spawned the Barrow’s 
Golden-eye is likely to occur. Usually it is associated wtih American 
Golden-eye but only a small percentage of the latter frequent fresh water. 
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(This species is a true sea-duck during the winter and frequents even the 
most saline waters.) 

The Cowichan river on Vancouver island usually attracts a mixed 
population of golden-eyes, as do the Chemainus, the Courtenay, the 
Nanaimo and other streams. 

On Clements creek, tributary to Henderson lake (November, Decem- 
ber, 1922), Barrow’s Golden-eye represented about ninety-five per cent 
of the golden-eye population, which varied from ten to one hundred and 
sixty estimated (Munro, 1922). This condition has not been observed 
elsewhere on the salmon streams along the coast. 

Restrictive Factors 

Various factors operate to hold populations at about the same level 
from year to year — excluding the periods when a general reduction is 
brought about by drought conditions in the dry belt. Hunting is not so 
important a factor as it is with some other species of ducks for reasons 
which are given later. As the Barrow’s Golden-eye usually nests in 
hollow trees the eggs are not commonly taken by crows and other pre- 
dators as is the case with many other species of ducks. Horned owls and 
bald eagles prey upon both adults and large young and no doubt other 
forms of predation occur. An account of probable predation by horned 
owls at Rollings lake in the Okanagan valley has been recorded by Munro 
(1929). 

Another instance of predation, probably by a horned owl, was observed 
on a small, rocky inlet in 105 Mile lake, Cariboo, August 15, 1938. The 
freshly severed wing of a young male Barrow’s Golden-eye was found on 
the shore; beside it was fresh blood, several horned owl feathers and a 
large owl pellet composed of duck feathers. Elsewhere on the shore were 
scattered the remains of three young Holboell's Grebe, indicating this to 
be a favoured feeding place for horned owls. 

Broods of young golden-eyes during the first few weeks of life are 
reduced by various misadventures which in some districts (according to 
report) include destruction by crows. Very often small downy young 
become lost and lackit^; the care of the parent become casualties.. Unat- 
tached downy young frequently are encountered: for example, on June 8, 
1911, two downy young a few days old were seen on Okanagan lake far 
from any known nesting site. These were struggling to maintain their , 
equilibrium against the force of white-capped waves that rolled up on a 
stony beach; a similar incident was witnessed at the same place several 
years later. It seems probable that many downy young are killed by 
exposure to rough water on some of the larger lakes. 
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Food Studies of Barrow’s Golden-eyes 
Feeding Habits 

The feeding habits of the summer populations on the small lakes of the 
interior are recorded in the section, "Population Studies”. The behaviour, 
common to both species of golden-eyes, when feeding on the larger lakes 
of the interior and on coast streams has been described, Munro (1918 and 
1923). 

Review of Literature 

Ornithological literature contains few references to the food of Bar- 
row’s Golden-eyes. In Bent {loc. cit.) appears the following: "Dr. F. 
Henry Yorke (1899) records it as feeding on minnows and small fishes, 
slugs, snails, and mussels, frogs and tadpoles, in the way of animal food ; 
he has also found in its food considerable vegetable matter, such as teal 
moss, blue flag, duckweed, water plantain, pouch-weed, water milfoil, 
water starwort, bladderwort and pickerel-weed”. Apparently these 
remarks have reference to localities in the Eastern United States. 

Dr. C. Cottam (1937) has presented a summary of food percentages 
of eighty-six specimens, from various localities not specified, as follows: 
Muskgrass and algae, .38 ; pondweeds, 8.19; wild celery, 1.57 ; misc. plants, 
12.20; Ash, 1.14; amphipods and isopods, 11.02; crabs and other decapods, 
2.49; barnacles, .25; crustaceans, 3.95; blue mussel, 12.25; misc. p>ele- 
cypods, .93; Littorina, 2.39; misc. gastropods, 3.11; caddisflies, 6.32; misc. 
insects, 30.08; misc. animals, 3.73. Total percentage of plants, 22.34 
total percentage of animals, 77.66. Data representing the food of forty- 
six specimens in the above lot taken in British Columbia have been 
included in the present study by permission of the Bureau of Biological 
Survey, Washington, D.C. 

Munro (1923) has recorded on a quantitative basis the food of four- 
teen specimens from Henderson lake, Vancouver island. These data are 
included in the following summaries. 

Food Summaries 

The following section summarizes the food eaten by the Barrow’s 
Golden-eye as determined through the examination of 116 stomachs con- 
taining food material. Percentages refer to percentage volume obtained 
by segr^ating and estimating the individual items. 

The material is assembled under two headings: (1) winter food on 
the coast, (2) food in the interior. 

WitUer Food of Barrow’s Golden-eye on the Coast Region 

Henderson lake is represented by a sufficient number of specimens to 
provide a picture of the food range throughout the winter and the data 
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for this locality are presented separately; other localities are grouped 

according to whether they represent specimens taken on fresh water or 

on the sea. 

Henderson lake (mouth of Clements creek) 

Number of specimens; November, thirteen; December, five; Jan« 
ary, two; February, eight. 

Salmon eggs. Fourteen specimens taken in Noveml>er and December 
contained a total of 1 ,300 sockeye salmon eggs, 300 being the largest 
numlier in one stomach; two specimens taken on February 13, 1923, 
contained a few salmon egg cases. 

Salmon flesh, lividence that salmon flesh had been eaten was found in 
two specimens taken February 13, 1923. 

Unidentified fishes. Bone fragments of small fishes were found in four 
specimens taken in January and February ; in each case these formed 
a minor item of the total stomach contents. 

Crustaceans. Three amphipods were present in a specimen taken Feb- 
ruary 13, 1923. 

Mollusks. Fragments of blue mussel {Mytilus edulis) occurred in one 
specimen and four fresh-water snails (Planorbis callioglyphus) in 
another; both specimens were taken on February 13, 1923. 

Caddis. Caddis larvae were detected in six stomachs taken in January 
and February; in two instances no other food was present. 

Summary. Salmon eggs are the principal food during Novenber and 
December; there are six instances of caddis larvae, and three in- 
stances of small fishes being eaten; the marine items noted probably 
were taken just prior to the ducks' flight from the sea to freshwater. 

Rivers on Vancouver Island 

Number of specimens. Cowichan river, December, two; Chemainus 
river, December, one, January, four. 

Salmon eggs. Fragments of salmon egg cases were contained in each of 
three specimens from the Cowichan river; in one Chemainus river 
specimen were fifty-five chum salmon eggs and a mass of salmon egg 
cases representing a much larger number. 

Salmon flesh. Broken-down salmon flesh represented the entire contents 
of two specimens taken on the Chemainus river, January 80, 1982. 

Mollusks. Fragments of marine gastropods were a minor item in a 
stomach containing salmon eggs; six whole Liitorina and fragments 
of other mollusks formed forty per cent of the contents of another 
stomach. 
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Caddis. Caddis larvae and cases formed over half the contents of a well- 
filled stomach from a specimen taken on the Cowichan river, Decem- 
ber 30, 1933. 

Misc. vegetable matter. One bulrush seed, Scirpus americanus, and 
fragments of marine algae represented the only identifiable vegetable 
matter. 

Summary, As at Henderson lake the most important food is salmon 
eggs; salmon flesh is second, and marine algae third in percentage 
volume. 

Estuaries and salt water, Vancouver Island and Mainland Coast 

Number of specimens. Bowen island, January, one, March, six; 
Horseshoe bay, January, one; Departure bay, March, one; Prince 
Rupert, March, one. 

Herring, Clupea pallasii. Twelve herring eggs formed less than one per 
cent of the Departure bay specimen. 

Mollusks. Shell fragments of blue mussel constituted the sole contents 
of seven, fifteen per cent of another, and was represented by a few 
fragments in other specimens. Gastropods of various speci(\s occur- 
red in three stomachs, the following species being identified : Littorina 
scutulata, Littorina sitchana, Columbella gausapata, Margantes pupilla, 
Thais sp. 

Crustaceans. Fragments of small crabs were detected in the Bowen 
island and Prince Rupert specimens. 

Vegetable matter. Pieces of marine algae, totalling 2 cc., constituted 
twenty per cent of the contents of one, and sea lettuce (Entero- 
morpha sp.) represented fifty per cent of the total food in another 
stomach. 

Summary. On salt water blue mussel and various gastropods are the 
chief food; marine algae is second in percentage volume; other items 
are of minor importance. 


Food in the Interior 

Okanagan lake 

January, three; March, 1; October, one; December, two. 
Unidentifled fishes. Unidentified fish remains were a minor item in one 
stomach. 

Crayfish (Potamobius klamathensis). Crayfish formed the chief item in 
two well-filled stomachs. 

Amphtpods. One occurrence represented twenty-six per cent of the 
contents of a well filled stomach. 
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Caddis. In one specimen 302 caddis larvae cases constituted seventy- 
seven per cent of the contents of a full stomach and caddis occurred 
in another as a minor item. 

Other aquatic insects. Corixidae, Notonecta, Dytiscidae, Gyrinus sp., 
Anisoptera larvae, and unidentified insect fragments constituted 
sixty-seven per cent of a well filled stomach. Insect remains includ- 
ing mayfly, stonefly and Coleoptera, occurred in two other specimens. 

Mollusks. Mollusk fragments were a minor item in three specimens. 

Vegetable matter. Potamogeton tubers and plant fibre formed in one 
case ninety-seven per cent, and in another ninety per cent of a full 
stomach. Scirpus and Carex seeds and Characeae were minor items 
detected. 

Summary. Food taken on Okanagan lake listed in the order of impor- 
tance comprises crayfish, pondweeds, aquatic insects, amphipods and 
mollusks. 

Swan lake 
September, one. 

The contents of a single specimen consisted of comminuted vegetable 

matter exclusively of which filamentous algae and one seed of Potamo- 
geton heterophyllus was identifiable. 

Small alkaline ponds near Okanagan landing 
April, eight; May, one; June, five; July, six; September, sixteen; Octo- 
ber, one. 

Sponge, Porifera. Sponge occurred as a small item in two stomachs. 

Crustaceans. Amphipods (and probably other small crustaceans) were 
the chief item in five stomachs, representing in three cases ninety per 
cent or more, and in two cases fifty per cent or more, of the total 
contents. Another specimen contained a small amount of crustacean 
material. 

Water mites, Ilydrachnidae. Water mites were present in four stomachs. 

Aquatic insects. Corixids were present in twenty-three, Notonecta in 
seven, odonate nymphs in fourteen, chironomid larvae in five, Hali- 
plidae in seven, Dytiscidae in two and other Coleoptera in seven of 
the specimens examined. Caddis larvae occurred twice and stonefly 
nymph once. 

Vegetable matter. Pondweeds induding Potamogeton pecHnatus and 
Potamogeton pusUlus, both seeds and plant fibres, represented a large 
proportion of the plant material eaten and were present in eighteen 
stomachs. In one April specimen seeds of P. pectinatus represented 
ninety-eight per cent (8 cc.) of the stomach contents and in another 
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was the chief item present. Cartx seeds occurred in six, Scirpus seeds 
in nine, and Myriophyllum spicatum seeds in five stomachs. Other 
plants represented by seeds were: Ruppia sp., Zanichellia palustris, 
Spartina sp., Ilordeum sp., Polygonum sp., Rumex sp., Chenopodium 
sp., Ranunculus sp., Prunus demissa, Rosa sp., and Ilippuris sp. 
Chara fragments and oogonia were noted in two specimens. 

Mollusks. Shell fragments of snails were a minor item in three stomachs. 
Summary. The most important food in the small ponds, upon which the 
young are raised, appears to be aquatic insects, particularly Odonata 
nymphs and Hemiptera. Caddis larvae occur less frequently than 
in larger lakes. Plant material, including the seeds of numerous 
aquatic and hydrophytic species, although present in most of the 
stomachs examined form about one-quarter (25.3 per cent) of the 
total food. No difference between the food of adults and that of 
well-grown young was detected. 

Osooyos lake 
May, two. 

One full stomach contained eighty per cent insect material comprising 
forty-eight whole and fragments of eighty or more damselfly nymphs 
Enallagma sp., four other odonate nymphs, twelve or more caddis larvae, 
Corixidae, chironomid adults, pupae and larvae, Plecoptera nymph, 
Haliplus sp., and fifty or more Sayomyia larvae. The remaining nine 
per cent animal material consisted of bone fragment of an Amblystoma, a 
few HyalelUi azteca and Hydrachnidae. Vegetable matter ('onsisted of 
twenty-six seeds of Potamogeton pectinatus and seeds of another pond- 
weed, Scirpus occidentalism Polygonum remosissimumm algae and miscel- 
laneous plant material. 

A second specimen contained caddis larvae as the main item with 
odonate nymphs, Haliplidae larvae and miscellaneous insect material 
constituting seventy-eight per cent of the total. Other animal items were 
mollusks, water mites and amphipods; plant material represented sixteen 
per cent of the total. 

White LakOm Similkameen Valley 
June, one. 

This specimen contained eighteen per cent animal matter, including 
fragments of mollusks, chironomid larvae, Orthoptera eggs, Plecoptera 
nymph, Carabidae, Hydroporus sp., and other aquatic and terrestrial 
b^tles. Vegetable matter included seeds and plant fibre of Ruppia 
maritimarn approximately 100 seeds of Zanichellia palustriSm and 200 of 
Potamogeton pectinatus* 
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Pond, Nicola Valley 
June, one. 

Crustacean (probably amphipod) fragments represented seventy-five 

per cent of the total, the balance being made up of insect fragments 

including Diptera, caddis larvae and Dytiscus sp. 

Paul Lake 

May, three; June, two; November, two. 

Caddis. Caddis larvae constituted the total contents of four, and were 
present in a fifth stomach, the numbers of insects in individual speci- 
mens being 3, 8, 10, 38, 48. 

Odonata. Parts of dragonfly nymphs were the only item in two Novem- 
ber specimens. Three complete damselfly nymphs and fragments 
of at least thirty others were the chief item in another stomach. 

Other aquatic insects. Fragments of Corixidae were present in one 
stomach. 

Mollusks. Broken up snail shells formed twenty-five per cent of the 
contents of one stomach. 

Misc. vegetable matter. Excepting small quantities of vegetable debris 
in most of the specimens a ungle Carex seed was the only indication 
that vegetable matter had been eaten. 

Summary. The food of five adults and yearlings taken in May and June 
and two young males taken in November consisted chiefly of aquatic 
insects; mollusks occurred once; there was no evidence that amphi- 
pods had been eaten although these crustaceans are particularly 
common in Paul lake. 

Horse Lake 

July, three; August, three. 

Caddis. This item occurred in three stomachs. 

Other aquatic insects. Mayfly nymphs occurred in three stomachs, 
chironomid larvae and larvae of a dytisdd beetle in each of two 
others. 

Odonata. Twelve dragonfly nymphs were the exclusive food item in one 
specimen. 

Corixidae. Water boatmen occurred in three stomachs, in one case con- 
stituting the entire contents. 

Terrestrial insects. An ichneumon fly and small pieces of other terrestrial 
insects formed the entire contents of one stomach; in another frag- 
ments of unidentified insects constituted twenty per cent of the 
stomach contents. 
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Misc. vegetable matter. Five seeds each of Sparganium and Carex con- 
stituted two per cent of the food in one stomach ; Chara and unidenti- 
fied vegetable matter formed ten per cent of the contents of another 
and one seed of Potamogeton pusUlus was present in a third stomach. 
Summary. The food of six Barrow’s Golden-eye, from three weeks to two 
months old, at Horse lake was chiefly insects, both aquatic and ter- 
restrial species being taken. Caddis larvae (an important item in the 
diet of adults in most localities) was eaten less than were water 
boatmen and terrestrial insects. This agrees with field observations 
which showed young golden-eyes feeding from the surface of the 
water to a greater extent than did the adults. Vegetable matter and 
mollusks apparently are not important items in the food of the 
young, no trace of amphipods was detected, 

105 Mile Lake 
August, two. 

The stomach contents of a yearling comprised terrestrial insects 60 
per cent, water boatmen 20 per cent and mollusk shell fragments 30 per 
cent. One Sparganium seed had also been eaten. C'omminuted amphi- 
pods represented 96 per cent of the food eaten by a full-grown young 
female; the remaining items being one sow bug, 3 fier cent, and corixid 
fragments, 2 per cent. 

Mirage Lake 

August, three. 

Three yearling females had eaten water boatmen, adults and nymphs, 
exclusively. 

Anthony Lake 

July, two. 

The chief item in one specimen was comminuted amphipods, 98 per 
cent, the remainder being water boatmen fragments and one Myriophyl- 
lum seed; in the other caddis represented 94 per cent and water boatmen 
1 per cent; the remainder comprised approximately fifty seeds of £/eo- 
charis pafuslris and one Polygonum sp. seed. 

JiOiile Horse Lake 

July, one. 

Caddis totalled 96 per cent of the stomach contents, the remainder 
being odonate nymph and ^ater boatmen 4 per cent and two seeds of 
Potamogeton pectinaius, 1 per cent. 
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Westwick Lake 
July, one. 

A downy young several days old contained caddis 75 per cent, dytiscid 
beetle 20 per cent and filamentous algae 5 per cent. 

Summary, The food of four yearling females and five juveniles taken 
at five small lakes in the Cariboo region was chiefly aquatic insects 
with water boatmen of first and caddis of second importance. Amphi- 
pods had been eaten in the two lakes where these are known to occur. 
Fairy shrimps (Branchinecta sp.) were not found in any of the three 
specimens collected at Mirage lake where these crustaceans are 
abundant. 


General Summary and Discussion 

The food item of chief economic importance on the coast is salmon 
eggs, which would seem to be the sole food in some places during the 
period of the salmon run. This was the case at Henderson lake in 
November and December, 1922. 

On all salmon streams a large number of eggs are not permanently 
covered during the spawning process and these drift downstream and 
lodge here and there in the stream bed. Some of these eggs may later be 
covered with gravel, and, if not injured during their progress downstream, 
may successfully hatch. Probably the larger number of these drifting 
eggs do not become covered and because of exposure to light, mechanical 
injury, or some other cause, lose their vitality. In the early part of the 
spawning period they are rose coloured and semi-transparent; later those 
that have lost their vitality turn pale pink in colour and become opaque. 
Early in the season most of the eggs found in the gullets of golden-eyes 
are clear; no doubt many are still vital and capable of producing fry. 
Later most, if not all, the eggs consumed are in various stages of opaque- 
ness and are considered to be dead eggs. The destruction of the clear 
eggs in the early part of the salmon run may represent a drain upon 
salmon production but of what extent it seems impossible to estimate. 

Remains of small unidentified fish occurred in several stomachs; it is 
possible that trout and salmon fry are eaten in some localities; caddis 
larvae are an important food. 

Salmon eggs may also be taken in the interior of the province although 
no evidence of this is available. The present data indicate that elsewhere 
than on the coast the Barrow’s Golden-eye is related to the fisheries only 
insofar as it may be a food competitor of trout. Specimens taken in the 
interior had been feeding chiefly on aquafic insects, crustaceans and 
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vegetable matter (animal matter ninety-six per cent, vegetable matter 
four per cent). 

It has been recommended by anglers that the Barrow’s Golden-eye 
population of Paul lake be destroyed on the grounds that the ducks eat 
trout fry and that they are competitors of Kamloops trout for food. Paul 
lake was barren of fish life until Kamloops trout were successfully intro- 
duced! some years ago. Since that time the lake has developed as an 
angling resort and in this development financial investments of various 
kinds were made. Those interested believe that the removal of possible 
predators and food competitors of trout would improve the fish popula- 
tion and increase the financial return on investments. To the author the 
success of such an undertaking seems doubtful. The data available on 
the food of Barrow’s Golden-eye do not indicate predation; as to their 
being food competitors of trout undoubtedly this is true. It is true also 
that practically all other species of birds which nest along the lake shore 
feed to some extent upon aquatic insects. Spotted Sandpipers, swallows, 
Yellow-throats, Yellow Warblers, Cedar Waxwings and other birds are 
competitors of trout for food to the extent to which they consume midges, 
caddisflies, damselflies and other insects. This statement is substan- 
tiated by field observations. 
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Barrow’s Golden-eye and the other birds mentioned are valpable in 
themselves and their destruction would mean a distinct loss to the com- 
munity not only from the standpoint of national economy but from the 
aesthetic point of view. 

Considered solely from the sportsmen’s point of view a good case can 
be made for the argument that the ducks are valuable in the same sense 
as trout are valuable, that is to say, as objects of sport and food.- 

The Barrow’s Golden-eye is regarded in the interior of British Col- 
umbia as a game bird of minor importance. Nevertheless in some locali- 
ties, for a short time in the early part of the hunting season, this duck 
may represent a considerable fraction of the hunter’s bag. In the interior 
its flesh is palatable, but on coast waters the flesh becomes tainted from 
the diet of salmon eggs and marine food, consequently the duck is not 
hunted or used as food to the same extent as in the interior. Figures are 
not available but it seems likely that (in proportion to relative numerical 
abundance) a greater number of Barrow’s Golden-eye are killed by hunt- 
ers than is the case with more common species of ducks. When disturbed 
from a pond they have a habit of circling, usually passing close to anyone 
standing on the shore, so that the hunter has an advantage which he does 
not have in the case of other ducks which fly straight away. 


American Golden-Eye, Glavciohetta clancvla American a 

LIFE-HISTORY 

Distribution 

The American Golden-eye is extensively distributed in North America, 
having a summer range which includes most of the timbered portions of 
northern Canada (except in British Columbia) and a winter range on the 
Great Lakes, the Atlantic and Pacific coasts (fig. 4). It is a much more 
abundant species than Barrow’s Golden-eye. An old world form of the 
species breeds in Northern Europe and Asia. 

Four instances of the American Golden-eye nesting in British Col- 
umbia have been recorded (Munro, 1935), two of these records being 
based solely on the presence of mated pairs during the nesting season. 
It is quite possible that it nests regularly in the northern part of the pro- 
vince, although this fact has not been established. The species nests 
commonly in Alberta from the Edmonton region north and in the Yukon 
and the Northwest Territories of Canada. In British Columbia it is a 
common migrant, appearing spring and fall on many of the inland waters. 
It seems reasonable to conclude that many of these birds are en route to 
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and from nesting grounds which lie to the northeast. The chief wintering 
ground is on the coast where the species shows preference for a salt water 
habitat. 


Seasonal Movements and Numerical Status 


In the interior of British Columbia the two species of golden-eye 
appear at about the same time in spring (usually in early March). Early 
arrivals frequent the larger lakes, which may have been free of ice all 
winter and in any case are open before the small ponds. In these first 
spring flocks the American Golden-eye usually predominate and in some 
the less common species may not be represented. Later in the spring the 
two species associate on the ponds and small lakes — the courting grounds 
of Barrow’s Golden-eye. For a time the American Golden-eye may con- 
tinue in the majority as at Napier lake, April 19, 1933, where a census 
showed sixty americana and sixteen islandica, and at Rollings lake, April 
24, 1937, where the count was fifteen americana and twelve islandica. 

These flocks contain both adults and yearlings. As pointed out earlier 
it is difficult to distinguish in the field between yearlings of the two spe- 
cies, particularly when a large number of birds are to be examined. Thus 
it frequently proved impossible to decide what percentage of yearlings in 
these mixed flocks was americana. Under favourable field conditions 
comprising nearness to the birds and good visibility, it is possible with 
the aid of binoculars to identify yearlings specifically. At these times it 
was observed that the number of adult male americana equalled the total 
number of adult females, yearling females and yearling males of the spe- 
cies (in flocks of Barrow's Golden-eye it is usual in the spring to find a 
minority of adult males). If this condition is of regular occurrence, it 
would suggest that all the yearling American Golden-eyes do not accom- 
pany the adults to their breeding grounds as apparently is the case with 
Barrow’s Golden-eye, Observations on the Tlell river. Queen Charlotte 
islands, suggest that yearlings may migrate later than do the adults; on 
the other hand it is not improbable that numbers of them may spend the 
summer on salt water. Counts taken near the outlet of the Tlell river 
in May, 1935, showed that the population changed from day to day which 
would indicate a migratory movement amongst some at least of its mem- 
bers. On the other hand, American Golden-eyes are not commonly seen 
in the interior at so late a date. 

Daily record of American Golden-eye, Tlell river, 1935: 


May 2 — ^60 
“ 3—30 

“ 4—66 

*' 10—60 


May 14—16 
“ 15— 7 

“ 26—24 

" 20—14 



300 


Transactions of the Royal Canadian Institute 


The spring migration from the coast to the breeding grounds (as 
observed in the southern interior of British Columbia) covers the period 
from early March to late April. The following counts were made by 
R. M. Robertson on the Thompson river at Kamloops during March, 
1938; 4, (28), .’), (24), 7, (16), 8, (21), 10, (30), 11, (30). It is unusual to 
find birds in May and latest records available are May 8, 1928, of a year- 
ling male and one yearling female near Oliver; May 29, 1938, two yearling 
males near Vernon. Flocks of adults, usually accompanied by yearlings, 
are still on the coast long after the species has become common in the 
Okanagan and Nicola districts, for example: Morris creek, April 10, 
1936, (40) ; C ultus lake, April 17, 1936, (8) ; Esquimalt lagoon, March 28, 
1938, (62). 

Laing (1925) reports seeing two or three adult males at J uneau, Alaska 
on March 9, and three at Uyak bay, Kodiak island, on March 31. Other 
golden-eyes at Unalaska and Adak island were not satisfactorily iden- 
tified. 

Swarth (1936) records it as a migrant of regular occurrence in spring 
but in small numbers in the Atlin district. Earliest arrivals are given as 
April 28, 1934; May 6, 1938. 

It seems probable that adult males remain all summer near their 
nesting ground, although no definite information on this point is avail- 
able. At any rate, adult males, accompanying females, young of the 
year, and a few yearlings, again appear in the interior of British Columbia 
in the late fall. Dates of arrival on Swan lake near Vernon in recent 
years are November 11, 1932 (50), November 1, 1933 (10). Should mild 
weather continue, flocks may remain for some time. Thus on December 
18, 1937, a total of eighty-nine was observed on Woods lake and Duck 
lake. The species begins to appear on coast waters at about the same 
time in November; a flock of ten was noted on Esquimalt lagoon, No- 
vember 16, 1936. 

Winter populations in the interior are usually small, restricted to a 
few birds which frequent rapid stretches of rivers and the larger lakes 
which remain free of ice. At the north end of Okanagan lake, the Amer- 
ican Golden-eye was of regular occurrence during the winters from 1611 
to 1919; throughout the winter of 1917-1918, eight was the largest num- 
ber seen in one day. Subsequently it became scarce and some winters 
none was seen. More recently small numbers have again appeared on 
this lake. It is reported to be “very common" in winter on the Arrow 
lakes but enumerations are not given (Kelso, 1926). It is believed that 
over ninety-five per cent of the winter population is to be found on the 
coast where the species is common on all sheltered waters. 

The summer population in the interior of British Columbia is limited 
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to an occasional female and brood. As stated earlier, only four cases of 
nesting have been recorded and not all of these records are entirely satis- 
factory. Nothing is known concerning a salt-water, summer population 
of non-breeding birds, if such exists. 

Courtship and Nesting 

The sexual displays of the two species of golden-eye are of similar 
character and early manifestations by adult males take place during the 
winter. Thus at Departure bay on February 11, 1938, several males 
were observed at different times swimming with the neck outstretched 
on the water and the bill pointing slightly upward, so that the chin was 
raised above the surface. After swimming for a short distance in this 
position the bird would dive and swim towards another male; usually 
after such a performance the male which had been the pursuer would 
stand upright and shake his wings, curving them forw^ard in front of his 
body. At the same place during the period February 27 to March 31 
courting was actively pursued by the members of a flock numbering 
thirty of which males were in the majority. The actions included various 
modifications of the quick backward jerk of the head; the back kick, dis- 
playing orange feet against white flanks; the rush across the surface with 
neck outstretched; the sudden dive, reappearance and copulation. The 
courtship as observed in March is described in further detail by Munro 
and Clemens (1931). Courtship is continued during the period in spring 
when the birds are making a short stay in the interior while en route to 
their nesting grounds. 

The author has not studied the American Golden-eye on its nesting 
ground. The nesting habits of the two species are reported to be similar; 
both commonly occupy a site in a hollow tree and the males leave the 
females before the eggs are hatched. Mr. T. E. Randall has found it 
nesting at Sylvan lake, Gull lake and other places in southern Alberta. 
In a personal communication he states: “The great majority of the nests 
found by me have been in old nest-holes of the Pileated Woodj^ecker. 
Failing a supply of these, hollow stumps are used and I know of five 
places where a chimney is used.” 

“Nesting sites are used year after year and I found a stump west of 
Rochester that held sixteen nests which filled the hollow to a depth of 
five feet. Strangely enough, in six of the nests the eggs had not hatched 
and in one or two of the lower nests they were so discoloured by age that 
the green colouring of the shell was scarcely distinguishable. Another 
tree in the Athabasca district held three new nests, there being five old 
holes and one new one which contained four eggs of the Pileated Wood- 
pecker. The American Golden-eye lays from nine to sixteen eggs but 
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this number is sometimes exceeded and I once found twenty-three in a 
woodpecker’s hole." 

Details of the subsequent behaviour of females and young are not 
available. Yearlings apparently do not breed although, like yearling 
Barrow’s Golden-eye they perform parts of the courtship display. Some- 
times a yearling male and female remain together and act generally as if 
paired. 


Food Studies of American Golden-eye 
Feeding Habits 

Flocks of large mze may assemble when feeding conditions are par- 
ticularly favourable as, for example, on Esquimalt lagoon, February 25, 
1936 (150 estimated). Departure bay, March 12, 1930 (500 estimated). 
At other times it is more usual to see single birds or a few individuals 
feeding together. The concentration of 500 at Departure bay followed 
a spawning of herring at the head of the bay as recorded by Munro and 
Clemens (loc. cit.). The ordinary winter population of Departure bay, 
which is typical of similar populations elsewhere, is set forth in the fol- 
lowing table of enumerations during February and March, 1929. At this 
time the golden-eyes were feeding on shore-crabs and gastropods. 


Date No. adult males No. females 

February 25 2 0 

" 26 3 1 

" 27 3 1 

" 28 10 0 

March 1 6 0 

“ 2 8 7 

“ 11 3 0 

“ 12 12 7 

“ 13 10 20 


When diving in deep water this species appears to submerge more quickly 
than other diving ducks; the birds turn almost at a right angle to the 
swimming position and, with tail bent slightly backward, go almost 
straight down. 

The behaviour when feeding on salmon eggs is identical with that of 
the Barrow’s Golden-eye, Munro (1923). 'The eggs are taken from the 
bottom of the stream in shallow water or from the eddies where drifting 
eggs accumulate. No evidence of eggs being dug from gravel has been 
obtained. On any salmon stream there is some movement of birds 
during the greater part of the day between the sea or lake and the upper 
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reaches of the stream but the main flights are in the morning and even- 
ing. Apparently all the gold-eyes which feed on the salmon streams 
spend the night on the sea or on adjacent lakes. 

Review of Literature 

In the somewhat extensive literature on the American Golden-eye are 
numerous references to food on a qualitative basis. A summation of data 
by Bent (1925) mentions mussels, mollusks and seeds of eelgrass, as 
marine food eaten on the Atlantic coast; mussels, crabs, marine worms 
and salmon flesh are mentioned for the Pacific coast. Seeds of various 
aquatic plants, insect larvae, fish spawn and crayfish are recorded as food 
eaten on fresh water. 

This author also makes the following statement on the authority of 
W. L. Dawson, 1909 (The Birds of Washington) : "on inland waters it may 
often be seen in the rapids chasing young trout or other small fishes". It 
is not stated whether the observation was verified by stomach analyses. 

Cottam (1937) has presented a summary of food percentages of 441 
specimens from various localities not specified, as follows: Muskgrass 
and algae, .80; pondweeds, 8.62; wild celery, 3.42; misc. plants, 13.25; 
fish, 3.16; amphipods and isopods, 5.00; crab and other decapods, 22.57; 
barnacles, .48; misc. crustaceans, 4.37; blue mussel, 2.53; Paphia, etc.. 
.19; oysters and scallops, ,11; misc. pelecypods, 1.37; Littorina, .52; misc, 
gastropods, 4.99; caddisflies, 12.32; misc. insects, 15.66; echinoderms, .02; 
misc. animals, .62. Total percentage of plants, 26.09; total percentage 
of animals, 73.91. Data representing the food of thirty-one specimens 
in the above lot taken in British Columbia have been includ^ in the 
study by permission of the Bureau of Biological Survey, Washington, D.C. 

Apparently the relation of the European Golden-eye Glaucionetta clan- 
gula clangula to the fisheries in the British Isles has not been established. 
Berry (1935) lists various food items including fresh-water mollusks, crus- 
taceans, larvae of aquatic insects, aquatic plants, small fish not exceeding 
two inches in length, and tadpoles. The author also states that “the 
European Golden-eye is said to dig up spawning redds with its feet and 
then drop downstream to swallow the spawn washed out". This behav- 
iour has not been observed on British Columbia salmon streams. Berry 
also quotes an authority for the statement that in Switzerland golden- 
eyes eat Miller’s thumb {Coitus gobio). His conclusions are expressed as 
follows: "These birds should not, therefore, be condemned until definite 
knowledge of their usual diet in any given locality has been ascertained. 
Nevertheless they are at all times to be regarded with grave suspicion, 
for at least one specimen has been shot on an English river (quoting) 
"with salmon spawn oozing from its bill". 
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Food Summaries 

The following section presents a summary of the focxl eaten by 80 
American Golden-eyes taken during the winter and spring months on the 
coast and in the interior of British Columbia. The data are assembled 
under six headings. (1) Cowichan river, (2) Other rivers and lakes on 
Vancouver island, (3) Estuaries and Salt water, f4) Tlell river, Queen 
Charlotte islands, (5) Okanagan lake, (6) Alkaline pond, Okanagan 
valley. 

Cowichan river 

Number of specimens: December, thirteen; January, fifteen ; March, 
one. 

Lamprey {Entosphenus tridentatus). One lamprey measuring 66 mm. was 
found in the stomach of a specimen taken on January 3, 1934. 
Salmon eggs. Sixteen specimens taken between December 26, 1933, and 
January 10, 1934, contained salmon eggs varying in amount from a 
few fragmentary egg cases in several stomachs to a large amount, 
comprising 150 whole eggs plus a quantity of partly digested egg 
cases, in another specimen. The total number of eggs (by compu- 
tation) in the sixteen stomachs was 402; all these eggs were opaque. 
Salmon flesh. Small fragments of salmon flesh were noted in three speci- 
mens taken December 30, January 7 and January 10. 

Unidentified fishes. Bone fragments of small fishes occurred in four 
specimens. This material was loo much abraded to permit further 
identification. 

Earthworm, Oligochaeta. One earthworm was a minor item in a well- 
filled stomach. 

C rustaceans. Each of three specimens, which were shot while flying up 
the river from the sea, contained fragments of crab, identified as 
Hemigrapsus nudus and Hemigrapsus oregonensis. 

Mollusks. One of the specimens mentioned under the heading crusta- 
ceans also contained a number of small gastropods, including six 
Littorina scutulata; mollusk shell fragments were noted in another 
specimen. 

Insects. Caddis larvae and cases were represented in eighteen of the 
twenty-nine specimens examined, by quantities varying from frag- 
ments of several to a maximum of twenty-one whole insects; in one 
case this item formed ninety per cent of the entire stomach content. 
Alder fly (Sialis) larvae were of next importance in terms of per- 
centage volume, ten being found in one, and thirty-three in another 
specimen. Other insects taken were: Dipterous larvae in two speci- 
mens and one instance each of beetle larva (Dytiscidae), cranefly 
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larva (Tipulidae), mayfly nymph, Ephemerella, and caterpillar (Lepi- 
doptera). The March specimen contained 12 cc. of insect food all 
Simulium larvae and pupae except for one chironomid and one caddis 
larva. 

Misc. vegetable matter. Seeds of various plants occurred as a minor item 
in nine specimens, the species identified being: Knot weed {Poly- 
gonum paronychea), Brome grass (Bromus hordeaceus) and Bulrush 
{Scirpus americanus). The other stomachs contained comminuted 
vegetable matter not identified; in one instance this was the exclu- 
sive, and in another the chief item. 

Summary, Salmon eggs are the food of first importance and insects are 
second in terms of percentage volume, while vegetable matter is of 
some importance. Remains of small fishes may represent either 
marine or freshwater species and the data are valuable only as indi- 
cating that the American Golden-eye eats small fish. Mollusks and 
crustaceans, representing food taken in the sea, and other items men- 
tioned are of slight importance in the specimens examined. 

Other rivers and lakes on Vancouver island 

Localities and numbers of specimens: Coldstream river, December, 

one; Chemainus river, November, one; December, one; Quamichan lake, 

December, one; Henderson lake, November, four, February, one. 

Salmon eggs. Seven chum salmon eggs were the sole item in the Gold- 
stream river specimen; this food also was taken by the two specimens 
from Chemainus river, and by one from Henderson lake. 

Sculpin {Coitus as per) , The Quamichan lake specimen had eaten seven 
sculpins measuring 26 to 43 mm. 

Unidentified fishes. One of the Chemainus river specimens contained a 
few bone fragments of a small fish. 

Mollusks. Two Henderson lake specimens contained pieces of blue mus- 
sel, the remains of an earlier feeding on the sea. 

Caddis. Two caddis larvae were a minor item in one of the Chemainus 
river specimens. 

Summary. The small number of specimens available reflect the same 
general food range as that pertaining to the Cowichan river. The 
identification of the sculpin, Coitus asper, as the sole item in the 
stomach contents of a specimen shot on a lake is of interest. 

Estuaries and salt water ( Vancouver island and Mainland coast) 

Localities and numbers of specimens: Horseshoe bay, January, one; 

Cowichan flats, January, one, December, one; Departure bay, January, 

two, February, three, March, one. 
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Herring. It was noted by observation at Departure bay and Nanoose 
bay that American Golden-eyes were diving for herring eggs in com- 
pany with a large number of other water fowl. No specimens were 
collected at this time. 

Crustaceans. Small crabs of several species had been eaten by seven of 
the nine specimens examined. The species identified were: Hemi- 
grapsus oregonensis, Hemigrapsus nudus (Dana), Lophopanopeus bel- 
lus (Stimpson). In one case Hemigrapsus oregonensis in fragments 
was the sole item and comprised 12 cc. of food; eight whole crabs 
M^ere found in another and seven in a third specimen. 

Marine worms, Polychaeta. Jaws of a large polychaete were detected in 
one specimen. 

Mollusks. Blue mussel was the sole item in one, and small gastropods 
were found in four other specimens. In one instance gastropods 
had been taken exclusively, the species identified being Littorina 
scutulata, AUctrion tnendicus and Thais lamellosa. 

Summary. On the sea crustaceans and mollusks are the chief food. 
During the spawning operations of herring, American Golden-eyes 
may assemble in large flocks and for a few days feed on herring ova. 

Tlell river, Queen Charlotte islands 
Number of specimens: May, three. 

Sculpin. The specimens contained fragments of sculpins, which in one 
case was identified as Cottus asper. 

Crustaceans. Isopods and amphipods constituted the chief item in two, 
and were represented in a third stomach. 

Caddis. Caddis larvae were a minor item in one stomach. 

Okanagan lake 

Number of specimens: November, one; December, eight; January, 

thirteen; February, five; March, two. 

Sculpin {Cottus asper). Fragments of cottids were detected in eighteen 
specimens. These fish are captured under stones in shallow water 
in the same manner as crayfish are taken (Munro 1918). 

Unidentified fishes. This item comprised fragmentary fish remains whidi 
in one case was identified as cjrprinoid. 

Crustaceans. On numerous occasions American Golden-eyes were seen 
capturing crayfish {Potamobius klamathensis) in the shallow waters. 
The importance of this food as suggested by field observation is 
borne out by the examination of stomach contents which showed it 
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to be the major item in several specimens with a total of twenty-four 
occurrences. There were fifteen occurrences of other crustaceans 
most of which probably represented Gammarus Hmnaeus and HyalMa 
atUca. 

Insects. Encased caddis larvae are the most important insect food in 
number of occurrences with sixteen recorded; in one instance 271 
larval cases of Brachycentrus sp. constituted eighty-eight per cent of 
a full stomach. Other occurrences were Ephemeridae (6), Odon- 
data (9), Corixidae (2) and Coleoptera (2). 

Mollusks. Twenty-seven occurrences indicate the importance of mol- 
lusks as food; Lymnaea vahlii appeared the most frequently and 
Eluminicola sp. and Unionidae also were reported. Much of the 
mollusk material was in the form of debris. 

Misc. vegetable matter. Plant material was present in twenty-two stom- 
achs, in only one constituting more than fifty per cent, and in the 
majority representing less than five per cent of the total contents. 
Characeae was reported from five, Hordeum sp. from one, pondweeds 
from two and Carex seeds from four specimens. 

Small pond near Okanagan Landing 

Number of specimens: April, one. 

This specimen contained sixty-nine per cent insect fragments, chiefiy 
odonate nymphs but including also Corixidae, Chironomidae, Coleoptera 
and caddis; two per cent mollusk fragments and nineteen per cent vege- 
table matter composed of plant fibre and sixteen seeds of Potamogeton 
pectinatus, two seeds of Scirpus sp., floral fragment of Rumex sp. and one 
seed of Eleocharis sp. 

Summary. The percentages of animal and vegetable matter in thirty 
specimens were 84.5 and 15.5 per cent respectively. In numbers of 
occurrences mollusks are the food of first importance, crayfish second, 
insects third and amphipods fourth. One specimen collected on an 
alkaline pond had eaten insects, crustaceans, mollusks and plant 
material. 

General Sihimary and Discussion 

The winter food of the American Golden-eye on coast waters appears 
to be substantially the same, under similar conditions of time and place, 
iM that of Barrow’s Golden-eye. While on fresh water both species feed 
upon salmon eggs, insect larvae, and occasionally small fish. On salt 
waters they eat crustaceans and mollusks and, for a short time, herring 
ova. 

The American Golden-eye is much the more abundant of the two 
species and consequently is of the greater economic importance. The 
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question of the effect on salmon production by the consumption of salmon 
ova was discussed in the general summary in the section “Food Studies of 
Barrow's Golden-eye”. In the author's opinion this predation does not 
cause an appreciable drain and it seems reasonable to assume that for the 
loss suffered there is compensation in the value of the ducks. 

The value of the American Golden-eye as an object of sport in British 
Columbia is probably less than the value of the rarer species. The former 
is not present in the interior at the time the hunting season opens and 
may not arrive until after the small sloughs, where much of the hunting 
is done, are frozen over. Consequently its fall and early winter habitat 
is largely restricted to rivers and the larger lakes. On the lakes it has a 
better chance of survival than has Barrow’s Golden-eye on the small 
ponds earlier in the season. As stated earlier, golden-eyes are not com- 
monly hunted on the coast for food. In spite of these limitations the 
species is of economic value, perhaps more so in the general region of its 
nesting grounds in the north and the east than in British Columbia. 

Contrary opinions, both as to the effect of predation by golden-eyes 
and as to the value of these ducks as game birds, have been expressed to 
justify the undertaking of control measures. It is unfortunate that any 
control measures which might be undertaken would have to include both 
species because of the difficulty in distinguishing them, particularly 
females and yearlings, a difficulty that would amount to impossibility as 
far as the majority of persons are concerned. 

The breeding range of the American Golden-eye is extensive and 
because of its northern situation the species is not subject to many of the 
vicissitudes connected with the propagation of the more southern nesting 


FOOD PERCENTAGES. AMERICAN GOLDEN-EYE 


Locality 

No. of specimens 

Salmon eggs 

•G 

1 

1 

Sculpins 

Unidentified 

fishes 

Crustaceans 

Caddis 

Other insects 

Moliusks 

Misc. animals 

Misc. vegetable 
matter 

Cowichan river 

29 

41.41 

4.14 


.59. 

5.34 

31.38 


2.88 

m 

7.66 

Other rivers & lakes 












on Vancouver I . . 

9 

44.11 

22.22 

11.11 



.34 


22.22 



Estuaries and Salt 
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9 





83.56 



16.44 



Tlcll river, Queen 











Charlotte Islands. 

3 


1 

38.34 


fswrn 

1.66 





Okanagan lake. . . . 

29 



7.11 

.41. 
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7 

2 34 

32 22 

.79 

10.20 

Pond, Okanagan . . . 



1 

. i 






19.00 
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ducks. For this reason and because of its general abundance there is no 
immediate danger of any serious reduction in numbers. The situation 
in respect to Barrow's Golden-eye is quite different. The breeding range 
is comparatively small and includes much of the settled regions of British 
Columbia where young birds are shot for food and sport early in the 
hunting season. Nowhere does the species occur in numbers comparable 
to those of the American Golden-eye and summer populations may be 
reduced by drought as is the case with other southern nesting ducks. 
Thus any general project of control might seriously reduce the population 
of Barrow's Golden-eye. 

BARROW’S GOLDEN-EYE 
Number of specimens and food percentages 

Henderson lake (28) 



Occ. 

Av. Per cent Vol, 

Salmon eggs 

16 

.54.4.5 

Salmon flesh 

5 

16.42 

Unidentified hshes 

3 

7.75 

Amphipods 

1 

.18 

Caddis 

6 

14.11 

Gastropods 

1 

1.72 

Blue mussel 

1 

1.79 

Marine algae 

1 

Rivers on Vancouver island (7) 

3 58 


Occ. 

Av. Per cent Vol. 

Salmon eggs 

4 

32. (K) 

Salmon flesh 

2 

25.00 

Caddis 

1 

11.42 

Gastropods 

2 

6.43 

Misc. Vegetable matter. . 

2 

3.72 

Marine algae 

2 

21.43 


Estuaries and salt water — Vancouver island and mainland coast (10) 


Occ. Av. Per cent Vol, 

Herring eggs 1 -10 

Crab 2 8.40 

Gastropods 3 17.10 

Blue mussel ^ 72,00 

Marine algae 1 2.40 

Okanagan lake (7) 

Occ. Av. Per cent Vol. 

Sculpin 2 .28 

Crayfish 2 27.86 

Amphipods 1 3.71 


K 
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Corixidae, Notonectklae . 

Odonata 

Caddis 

Other aquatic insects , . 

Mollusks 

Pond weeds 

Misc. Vegetable matter. 


Swan lake (1) 


Misc. \'egelablc matter. 


Amphipods 

Terrestrial insects 

('orixidae and Notonectidac . 

Odonata 

Caddis 

Other aquatic insects . ... 

Mollusks 

Misc. Animals 

Pond weed 8 

Misc. V^egetable matter 


Oscoyos lake (2) 


Amphipods 

Corixidae 

Odonata 

Caddis 

Other aquatic insects 

Misc. Animals 

Mollusks 

Pond weed 6 

Misc. Vegetable matter. 


White lake (1) 


Terrestrial insects 

Aquatic insects 

Misc. Animals 

Mollusks 

Pond weeds 

Misc. Vegetable Matter. 


Pond, Nicola valley (1) 


Amphipods 

Corixidae 

Caddis 

Other aquatic insects . 


1 

3.43 

2 

6.57 

2 

11.14 

3 

3.29 

4 

.43 

4 

39.43 

5 

3.86 

Occ. 

Av. Per cent Vol. 

1 

100.00 

^anding (37) 

Occ. 

Av, Per cent Vol. 

9 

11.41 

9 

.66 

28 

19.81 

22 

18.27 

0 

7.24 

35 

20.13 

3 

.32 

13 

1.20 

18 

5.67 

35 

15.29 

Occ. 

Av. Per cent Vol. 

2 

2.00 

1 

.50 

2 

27.50 

2 

39.50 

2 

11.50 

2 

7.50 

1 

.50 

1 

2.00 

1 

9.00 

Occ. 

Av. Per cent Vol 


0 


16 


2 


1 


50 


31 

Occ. 

Av. Per cent Vol, 


75 


1 

, , 

1 


23 
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Paul lake (7) 

Occ. 


Corixidae 1 

Odonata 3 

Caddis 5 

Mollusks 1 


Av. Per cent Vol. 
.72 
37.14 

3.57 


Horse lake (5) 

Occ. 


Corixidae ... 3 

Odonata 1 

Caddis 3 

Other aquatic insects 3 

'rerrestrial insects 2 

Misc. Animals 1 

Pondweeds 1 

Misc. Vegetable matter 2 


Av. I’er cent Vol. 
25 

10.67 

15 


21.33 

20 

0 

0 


105 Mile lake (2) 

Occ. 


Aniphipods 1 

Crustaceans 1 

Terrestrial insects 1 

Corixidae 2 

Moiluske 1 


Av. Per cent V^ol. 
47.50 
1.51) 

25 00 
11.00 
15.00 


Corixidae . 


Mirage lake (3) 

Occ. Av. Per cent Vol. 

3 100.00 


Anthony lake (2) 

Occ. 


Amphipods 1 

Corixidae 2 

Caddis 1 

Misc. Vegetable matter 1 


Av. Per cent Vol. 
49.00 
1.00 
47.50 
2.50 


White Horse Lake (1) 

Occ. 

Corixidae 

Caddis 

Other aquatic insects 

Misc. Vegetable matter 


Av. Per cent Vol. 
2.00 
96.00 
2.00 
1.00 


While Horse Lake (1) 

Occ. Av. Per cent Vol. 


Caddis •• 75.00 

Other aquatic insects. • ► 20.00 

Misc- Vegetable matter » • 5.00 
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AMERICAN GOLDEN-EYE 
Number of specimens and food percentages 


Cowichan river (29) 



Occ. 

Av. Per cent Vol. 

Salmon eggs 

16 

41.41 

Salmon flesh 

3 ' 

4.14 

Unidentified fishes 

4 

.59 

Crabs 

2 

5.34 

Caddis 

18 

31.38 

Other aquatic insects . . 

6 

6.10 

Mollusks 

2 

2.83 

Misc. Animals 

3 

.55 

Misc, Vegetable matter. 

9 

7.66 

Other rivers and lakes on Vancouver island (9) 



Occ. 

Av. Per cent Vol. 

Salmon eggs 

4 

44.11 

Salmon flesh 

2 

22.22 

Sculpin 

1 

11.11 

Caddis 

1 

.34 

Blue mussel 

2 

22 22 

Estuaries and salt water-*- Vancouver island and mainland coast (9) 


Occ. 

Av. Per cent Vol. 

Crabs 

8 

83.56 

Blue mussel 

1 

11.11 

Gastropods 

3 

Tlell river, Queen Charlotte islands (3) 

5.33 


Occ. 

Av. Per cent Vol. 

Sculpin 

2 

38.34 

Crustaceans 

3 

60.00 

Caddis 

1 

Okanagan lake (29) 

1.66 


Occ. 

Av. Per cent Vol. 

Sculpin 

17 

7.11 

Unidentified fishes 

6 

.41 

Crayfish 

24 

34.52 

Amphipods 

16 

4.79 

Caddis 

16 

7.62 

Other aquatic inscets. . , 

22 

2.34 

Mollusks 

27 

32.22 

Misc. Animals 

2 

.79 

Pond weeds 

2 

1.82 

Misc. Vegetable matter 


8.38 
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Alkaline pond near Okanagan Landing (1) 

Occ. 

Amphipod 

Caddie 

Other aquatic insects 

Mollusks 

Ppndweeds 

Misc. Vegetable matter 


Av. Per cent Vol. 
10.00 
8.00 
61.00 
2.00 
10.00 
9.00 
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FlO. S. Distribution of Barrow’s Golden-eye. Principal breeding range outlined; 
principal known wintering range dotted. 
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Fig. 4. Distribution of American Golden-eye. Principal breeding range outlined; 
principal wintering range dotted. 
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EARROW’S GOLDKN-EYE ADULT cf (LOWER) AMERICAN GOLDEN-EYE ADULT (UPPER) 
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DORSAL VIEW 9 BARROW'S GOLDEN-EYE SHOWING EXTENT OF SUMMER FADING, 
LEFT TO RIGHT— 9 ADULT (MAY U). 9 YEARLING (JUNE 17). 9 YEARLING 

(AUGUST 17) 



nesting site BARROW’S GOLOEN-EYE. 
CUMMINGS LAKE, B C 


9 BARROW’S GOLDEN.EYE WITH 18 
DOWNY YOUNG, LEW LAKE. B C, 
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ADULT cf BARROW'S GOLDEN-EYE AWAITING 9 ON TERRITORY 
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BARROWS GOLDEN-BYE AND BROOD« 9 BARROW'S GOLDEN-E\ E AND BROOD 

HORSE LAKE. B C SEEKING CO\ ER. HORSE LAKE. B C 
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9KOO0 BARROW’S GOLDEN-EYE ON FEEDING GROUND UNDER OVERHANGING BRUSH. HORSE LAKE. B.C. 




THE ORDOVICIAN SECTION AT COBOCONK, ONTARIO 


By Vladimir J. Okulitch 
Department of Geology, University of Toronto 

Abstract 

A description of formations of Black River (Ordovician) age near Coboconk, Ontario, 
is presented. Four fonnations, to which the following local names are given, arc 
described. 

Shadow Lake — 18 feet of shaly and magnesian limestone. 

Gull River — 50 feet of light grey aphaniiic limestone. 

Moore Hill — 12 feet of dark grey fossiliferous limestone. (Tetradium beds.) 
Coboconk — 20 feet of massive limestone with abundant Columnarta hatti. 
Total thickness — 100 feet. 

Faunal lists for each of the formations are supplied. It is concluded on the basis of 
both the fauna and the lithology that, in all probability, Shadow Lake and Gull River 
formations can be correlated with the Pamelia; Moore Hill, with the Lowville; and 
Coboconk with the Chauinont formations, as exposed near Kingston, Ontario. 


Introduction 

During the fall of 1938 I made a detailed study of the rock outcrops 
at, and in the immediate vicinity of, Coboconk, Ontario. The strata 
exposed are of Middle Ordovician age, and belong to the Black River 
Group. 

I am much indebted to Dr. Jack Satterly of the University of Toronto, 
and Mr. H. S. Armstrong, a graduate student in the Department of 
Geology, for their very kind assistance in measuring the section and in 
the collection of fossils. I am also very grateful to Dr. M. Fritz, for her 
identification of some of the Bryozoa collected in the area; and to Miss M. 
Turner for similar work with the Ostracoda. 

Previous work in the area was done by Mr. Alexander Murray (1852, 
1853). The results of his work are incorporated in the Geology of 
Canada, 1863. From 1908 to 1911 Dr. W. A. Johnston, also of the 
Geological Survey, mapped the area and described the results of his work 
in Summary Reports published in 1910, 1911 and 1912. During 1911 
Professor Percy E. Raymond collected and identified some fossils from 
this general locality. This work was done mostly west of Coboconk, in 
the vicinity of Lake Simcoe. These workers have determined the general 
geographical distribution of the various formations and recognised the 
presence of Lowville and Leray formations of the Black River Group, 
overlann by the Trenton. They also very accurately described the lith- 
ology and the fauna of the various subdivisions. In the 30 years that 
paas^ since, however, new road cuts and new quarries have exposed 
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hotter and more continuous sections, and our ideas of the Black River 
and Trenton formations have undergone a considerable change. It there- 
fore seems desirable to give a detailed description of the excellent sections 
near Coboconk, with the view to extend these studies both east and west 
in the coming field seasons. It will be especially interesting to extend 
the study of these formations east towards Kingston, in order to correlate 
the Lake .Simcoe and Coboconk formations with the better known eastern 
sections. This is especially so since Dr. G. Marshall Kay has done very 
considerable work on the Middle Ordovician near Napanee and Kingston 
and has expressed the opinion (1937, p. 256) that Coboconk limestone, 
previously referred to as Leray, is in reality Lower Trenton. 

General Geology 

The Black River formations form a narrow belt extending almost due 
east-west from Kingston to Victoria Harbour on Georgian Bav. To the 
south of the Black River belt is a much wider belt of Trenton limestones, 
in turn overlain by the Utica and the Lorraine. North of this Palaeozoic 
area is the Canadian Precambrian shield, represented in this region by 
the Grenville crystalline limestones and the Laurentian gneisses and 
granites. The Palaeozoic strata dip gently southward, the amount of dip 
varying between 16 and 25 feet per mile. 

The surface of the underlying Precambrian rocks is very irregular; 
this irregularity is reflected in the variable thickness of the lowest Palae- 
ozoic members, and occasional "islands” of Precambrian rocks within the 
Palaeozoic belt. One of the most prominent of such "islands” or monad- 
nocks is a hill about a quarter of a mile west of Rohallion at the northern- 
most extremity of Canal lake. 

There is a considerable variation in thickness and lithological char- 
acteristics of the Black River strata exposed in the area. This varia- 
bility prevents extensive correlations and generalizations at this time. 
Much detailed work over a much wider area is necessary before such 
generalizations will become possible. In order to avoid possible con- 
fusion in the future, local names are suggested for the exposed formations. 
That this is the more cautious procedure is further indicated by the uncer- 
tain status of the Black River formations in Canada at present. In this 
paper I shall confine myself to description of the Black River outcrops on 
highway number 35 between Coboconk and Norland. Since the strata 
dip southward, we see them in their natural ascending order if we ap- 
proach Coboconk from the north. 

Coming from Norland the highway follows for some time the low 
ground near Mud Turtle lake (popularly known as Shadow lake). The 
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only outcrops visible are those of the Precambrian age. At the southern 
extremity of the lake the road climbs a 60 to 60 foot escarpment. The 
escarpment is made of the lowest Palaeozoic rocks resting unconformably 
on the deeply eroded Precambrian surface. From here on, to beyond 
Coboconk, successively higher beds are exposed along the highway, with 
some unavoidable repetition of strata due to unevenness of the present 
surface. The outcrops are separated one from another, and so can be 
most conveniently described in a systematic order going from north to 
south. 


SHADOW LAKE QUARRY AND ROAD CUT 

On the flat surface just below the Palaeozoic escarpment are scattered 
Precambrian outcrops. Immediately south of the last undoubted Pre- 
cambrian outcrop the surface begins to rise gently towards the escarpment 
proper. On this sloping surface lie large blocks and boulders of Ordo- 
vician limestone and Precambrian gneiss and granite. The Precam- 
brian rocks predominate, so it seems reasonable to suppose that the actual 
Precambrian surface is a few (3 to 6) feet higher than the level of the last 
undoubted outcrop. 

Seven feet above the level of the Precambrian outcrops is the first 
exposure of the Ordovician rocks. Since, as stated in the preceding 
paragraph, the level of the Precambrian surface is probably higher than 
the level of the outcrops, the actual gap in the section is probably not 
more than 5 feet, and possibly only about 3 or 4 feet. 

The accompanying table (1) gives the details of the section exposed 
in the road cut and in the small quarry just west of the road. The lower 
part of the section is shown more completely in the road cut, but the 
upper portion, especially the light grey aphanitic limestone, can be seen 
to better advantage in the quarry. The section starts with seven feet 
of purple and greenish shale and argillaceous limestone and magnesian 
limestone. This is overlain by eleven feet of more compact and more 
distinctly bedded soft greenish shale and dolomitic limestone, with some 
beds of aphanitic magnesian limestone or dolomite. Some of the beds 
show mud cracks. The entire 18 feet thus exposed naturally fall into a 
unit. It is suggested that the name Shadow Lake formation be used for 
this series of beds. The uppermost seven feet of this series is exposed in 
the quarry, making up the floor and some six feet of the quarry wall. 
(See photograph, fig. 2.) 

Overlying the Shadow lake beds are nine and a half to ten feet of thick- 
and thin-bedded, dove grey, aphanitic limestone with some fossils and 
numerous stylditic partings. The appearance of these beds is wholly 
unlike the Shadow lake formation and it is considered to be a distinct 




Fig. 1. Shadow Lake formation. Exposure on highway between Norland 
and Coboconk, just above Precanibrian surface. 



Fig. 2. Upper portion of Shadow Lake and the bottom of Gull River 
formations. Quarry off Norland^ — Coboconk highway. 
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formation. The name Gull River formation is proposed for these beds, 
as they are well exposed farther along the road not far from Gull river, 
connecting the Mud Turtle lakes with Balsam lake. The total thickness 
of Gull River formation is probably about 45 feet, and only the lower part 
of it is exposed at this locality. The best exposures of the lower 10 feet 
are in the small quarry west of the road. 

Detailed description of beds. exposed at this locality follows: 


TABLE I 

Section near Shadow lake, highway No. 85, and small quarry west of road 

Description 

Top of section 
Bed 

Nos. Thickness 

19 Light brownish grey, aphanitic limestone. Somewhat fractured. 

Contains some very nne intraformational conglomerate. Not 
fossiliferous 4'- 9" 

18 Light brownish grey, aphanitic limestone, light grey to buff on wea- 
thering. The rock is honeycombed with numerous tubes or cavities 
filled with brownish shaly i\iaterial. On weathering the shale is in 
many cases washed out, leaving the rock with numerous irregular 

depressions. General appearance of ‘‘birclseye limestone” 

Rafinesquim minnesoUnsis^ R. dara^ Strophomena sp. Lophospira 
perangukUa. Hormotoma sp., Bryozoa. 

17 Brownish grey limestone weathering to light dove grey. Contains 
numerous calcite-filled tubes and stylolitic partings. Few fossils. . 

Rafinesquina cf. alUrnaUit Bathyurus extans ^ Leperditia canadensis. 

16 Similar to bed 17, some greenish shaly layers 

1»5 Mottled, greenish grey, aphanitic limestone 

14 Aphanitic, dove grey limestone, brown on non-wcathered surfaces. 

13 Brownish, but dove grey on weathering, aphanitic limestone 

Tetradium cellulosum, Lophospira cf. bicincta^ trilobite fragments, 

Isochilina cf. Ottawa. 

12 Brownish grey to dove ^rey aphanitic limestone, light grey on wea- 
thering. Stylolitic partings, crystals of pyritc. Numerous poorly 

preserved fossils 

Rafinesquina cf alternate, Isotelus gigas, ostracod fragments. 

11 Bluish grey or dove grey aphanitic limestone 

10 Shaly parting* Greenish to buff shale. Ostracods, bryozoa 

9 Brownish grey, aphanitic limestone; dove grey to buff on weather- 
injgfj greenish shaly layer on top. Calcite stringers or tubes filled 

With calcite • 

Lophospira perangulata, Isochilina cf. Ottawa, Leperdttta canadensis. 

8 Aphanitic, dove-grey limestone breaking irregularly into thinner 
beds. Buff to greenish on weathering. Stylolitic parting 


1 '- 4 " 

8 " 

r- 4" 
6 " 
6 " 
10 " 

9" 

li" 

2 " 

r- 4" 

18 " 
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TABLE l—Cent. 


Bed 

Top of Section 


Nos. 

Thickness 

7 

Dove jcrey, aphanitic limestone in a single bed. Fragments of small 
fossils 

6'' 

6 

Dense, dove-grey limestone, lithologically resembling beds above. . 

Bottom of Gull River formation. 

Top of Shadow Lake formation 

5" 

j 

5 

'Phin bedded (1 to 2 inch), greenish shaly limestone or dolomite. 



Very soft and crumbly. No fossils 

I'-IO'' 

4 

Fine grained to aphanitic, greenish to buff, magnesian limestone; 
hard; with conchoidal fracture; mottled with reddish patches. No 



fossils 

2'- 9" 

3 

Brownish to green, somewhat mottled magnesian limestone or dolo- 
mite. Medium grained. Interbedded with greenish shale. Not 



tossiliferoui 

Bottom of section in the quarry, lower beds exposed on the side 
of the road. 

2'- 4" 

2 

Soft greenish shale and argillaceous magnesian limestone or dolomite 

4'. 0" 

1 

Purple and green, mottled shale and argil lac^us limestone or dolo- 




7' 


Total about 

Base of section. 

Gap of about 5 feet. 

Precambrian Surface. 

28'. 0" 


Dr. W. A. Johnston (1912, p. 254), summarising the results of his 
work in the Lake Simcoe and Kirkfield area, thus describes the lowest 
(basal) beds in that district. 

"Black River (group ) — 

1. Basal series of sandstones, shales, etc. 

“Resting unconformably on the Precambrian crystalline rocks in the 
Simcoe district, Ontario, as a basal aeries consisting of coarse cidcareous 
sandstone or arkose passing upward into red and green shales with inter- 
calated lenses or thin beds of sandstone, and occasionally thin beds of 
iine-grained limestone. The thickness of this series varies emd the beds 
are frequently absent on the sides and tops of ridges or domes of the 
crystalline rocks, where the limestones are seen to rest directly on the old 
floor. The sandstone and shales are best developed in basins between 
ridges of the crystalline rocks where they occasioi^ly have a maximtun 
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thickness of about 40 feet. They are local in character and derivation, 
and evidently represent the old soil covering of the Precambrian rocks 
somewhat sorted, rearranged, and recemented, and it seems probable 
that they represent the initial near-shore deposit of the next succeeding 
formation.” 

It is obvious from this description that the “Basal Series” of Johnston 
is equivalent to the Shadow Lake formation. Since these beds occupjji 
an extensive area, and are sufficiently distinctive to be readily recognized 
and distinguished from other beds, it is considered a proper step to give 
them a distinctive name. 

The relative position of the Shadow Lake formation, below the more 
fossiliferous beds of the Black River group, suggests that it might be 
equivalent to Pamelia. The complete absence of fossils, however, makes 
a convincing correlation impossible. Beds overlying the Shadow Lake 
formation, and for which the name Gull River formation is suggest' d, are 
both faunally and lithologically of the Black River type Ulrich, Ray- 
mond and Johnston (1910, 1911, 1912) thought that these beds were 
probably equivalent to the Lower Lowville. The work of ('ushing (New 
York State Museum, Bull. 145, 68-79, 1910). A. E. Wilson (1932) and 
Kindle (1916) suggests, however, that thest* beds are more probably equi- 
valent to the Pamelia, as exposed in the state of New York, near Ottawa, 
Ontario, and near Kingston, Ontario. 

GULL RIVER FORMATION 

Seven-tenths of a mile farther south, or 2.2 miles north of Coboconk, 
the highway skirts the east side of another escarpment or cliff, about 45 
feet high. This escarpment is made almost entirely of light grey compact 
limestone and magnesian limestone, practically without fossils. The level 
of the road at this point, as determined by a hand level and checked by a 
surveying aneroid, is 12 feet below the level of the upper bed at Shadow 
Lake section. However, assuming the average dip to be 20 feet per mile, 
we should have gained, in the 0.7 miles, 14 feet in the stratigraphic sec- 
tion, and therefore the lowest beds here should be just above the highest 
bed at Shadow Lake section. This reasoning is confirmed by lithology. 
The lowest bed is different from any seen at our first locality, while at the 
same time undoubtedly belonging to the same group of beds which we 
called the Gull River formation. 

The base of the section is made up of thin- and thick-bedded, light- 
coloured aphanitic limestone or magnesian limestone, interbedded with 
some buff and greenish shaly limestone. These lowest beds contain a few 
Zygospira recurvirostris. Higher up the beds become very compact, 
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aphanitic, light grey limestone. There are some stylolitic partings and 
some of the upper layers have a mottled appearance. They greatly 
resemble the lowest beds exposed at the village of Coboconk. One or two 
beds contain numerous calcite-filled tubes. Leperditia fabulUes and L, r/. 
canadensis seem to be the only fairly common fossils in these middle lay- 
ers. Two feel below the uppermost layer is a bed with scattered Tetra- 
diutn celhdosum and 7\ syringoporoides. This layer is aphanitic in texture, 
and is a brownish, grey-weathering limestone, with pink mottling. It also 
contains Leperditia canadensis, Liospira sp., Lambecphyllum rf. profun- 
dum, fine-meshed Bryozoa, and crinoid stems. It is considered that these 
fossiliferous beds belong to the succeeding Moore Hill (Lowville) for- 
mation. 

The beds exposed at the "‘roadside*’ escarpment with the upper 9.5 
feet of beds in the quarry at Shadow lake naturally fall into a unit. Their 
total thickness cannot be exactly determined without a more compre- 
hensive survey of the area. I believe that the upper 4 feet or so belong 
to the Moore Hill formation. If this is correct, then the section exposed 
is 46 feet minus 4 feet, or 41 feet, plus the 9.5 feet at Shadow lake, or a 
total of some 50 feet. This is probably the maximum possible thickness, 
and is correct only if our assumption is true that the lowest beds at the 
“roadside** section immediately follow the uppermost bed at the Shadow 
Lake section. Should the dip be less than 20 feet per mile, and the two 
sections overlap, then the thickness of the Gull River formation might be 
reduced to about 35 or 40 feet as the possible minimum. 

Johnston (1912, p. 264) in describing beds immediately overlying the 
“basal beds** in the Brechin and Kirkfield areas, states that: — “2. Lower 
Lowville (Beatricea beds) : The red and green shales pass upward into 
impure magnesian limestones which on fresh fracture are greenish-grey 
in colour and weather yellowish brown. They are characterized by num- 
bers of drusy cavities, occasional quartz grains and crystals of pyrite or 
Hmonite, and are generally barren of fossils. They are only a few feet in 
thickness, and are followed by 6 to 10 feet of fossiliferous blue-grey to 
dove-coloured limestone characterized by an abundance of a species of 
Beatricea. These beds somewhat resemble in physical character the 
typical fine-grained “Birdseye** limestone, but are less compact in texture, 
and weather to a shaly mass. They are overlain by from 7 to 10 feet of 
unfossiliferous magnesian limestone very similar to the beds which imme- 
diately underlie them. A small collection of fossils from the Beatricea 
beds, as exposed on the west side of Lake Couchiching, Ont., was obtained 
last year, and the fossils were determined by Mr. E. O. Ulrich of the 
United States Geological Survey as belonging to the lower middle Low- 
ville. One of the best localities in the district where these beds are ex- 
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potaed is about 2 miles south of Dartmoor post-office on lots 16 and 17, 
concession I, of Dalton township, and on lot 25, concession VI, of Carden 
township. A larger collection of fossils was made at this locality the past 
summer and they have been determined by Mr. P. E. Raymond of this 
Survey,** 

In 1911 Dr. Johnston, giving the generalized section in the Simcoe 
district of Ontario (Johnston, 1911, p. 190), describes the same sequence 
of beds. His subdivisions 3, 4 and possibly 5, apparently are equivalent 
to the ‘*Beatricea beds**. The maximum thickness given is 2S feet. 

It is my belief that the **Beatricea beds” are equivalent to the Gull 
River formation as established in the vicinity of Coboconk. The thick- 
ness of the formation apparently varies from about 20 to 50 feet, in the 
region between Lake Simcoe and Balsam lake. This great variability will 
probably preclude very precise correlations A^ithin the formation over 
any great area. At Coboconk the main characteristics of the formation 
are its fine grain, much of the material being aphanitic or “lithographic** 
in texture, and the relative scarcity of fossils. Farther west the forma- 
tion apparently becomes somewhat thinner and at the same time more 
fossiliferous. Combining the faunal lists as supplied by Dr. Johnston and 
the results of my own collecting, w’e get the following assemblage of 
fossils: 


Gull River Formation 
faunal list 

Beatricea cf. gracilis Ulrich. 

B, sp. ind. 

Tetradium halysitoides Raymond. 

T. cellulosum (Hall). 

Cyclocystoides halli Billings. 
Rafinesquina minnesotensis \\ \m hell. 
R, clara Okulitch. 

R, cf. aUernata (Emmons). 
Slrophomena incurvata (Shepard). 

5. sp. 

Zygospira recurvirostris Hall. 
Ctenodonta nasuta (Hall). 

Cyrtodonta cf. huronensis Billings. 

C. subtruficata (Hall). 

C. sillimanensis ? Ulrich. 

Vanuxemia rotundata (Hall). 
Pterotheca attenuata (Hall). 
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Helicotoma sp. 

Liospira progne (Billings). 

L. viiruvia (Billings). 

Eotomaria vicina Ulrich and Scofield. 

Clathrospira subconica (Hall). 

Lophospira concinnula Ulrich and Scofield. 

L. bicincta (Hall). 

L. perangulata (Hall). 

Raphistomina lapicida Salter. 

Holopea cf. concinnula, Ulrich and Scofield. 

SubuliUs sp. 

Hormotoma sp. 

Cameroceras sp. 

Orlhoceras cf, reciicameratum Hall. 

0. amplicameraium Hall. 

0, mulUcameratum Emmons. 

Loxoceras allumeitense (Billings). 

Isotelus gigas, Dekay. 

Onchometopus simplex Raymond and Narroway. 

Bumasius indekrminatus (Walcott). 

Bathyurus johnsioni Raymond. 

B. cf. extans Hall. 

Pterygometopus callicephalus (Hall). 

Leperditia fabulites Conrad. 

L. cf. canadensis. 

L. amygdalina Jones. 

Isochilina armata Walcott, 

/. sp. 

Raymond (Johnston, 1912, p. 255) has already noted that this fauna is- 
“peculiar in many ways’*. To quote him — “The facies is distinctly Low- 
ville, although Orthoceras mulUcameratum is the only typical Lowville 
fossil present. Cyclocystoides and Bumasius indeterminatus have not pre- 
viously been found below the Leray-Black River, while Onchometopus 
simplex, Bathyurus johnstoni, the small form of Strophomena incurvata^ 
and several ostracods not enumerated above, occur at exactly this same 
horizon, just below the typical Lowville, near Clayton, New York, and 
at Ottawa**. 

With the present somewhat extended faunal list, it is clear that the 
facies is Black River, of lowest Lowville, or more probably Pamelia type. 
The presence of Tetradium cellidosumt Rafinesquina clara, and R. minne^ 
sokmsis, would suggest Lowville, while Beatricea graciUs^ Bathyurus john^ 
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stonit and the ostracods, particularly Leperditis amygdalina Jones strongly 
suggest Pamelia. Personally I am inclined to consider Gull River equi- 
valent to the Pamelia. Because of its peculiarities and the lithology dis- 
tinct from the overlying and underlying formations, I believe it will be 
of advantage to give this series of beds a distinctive name. Gull River 
seems to be an appropriate term, as it is in the vicinity of this river that 
the strata reach their maximum thickness, and have the distinctive “litho- 
graphic'* texture. 

MOORE HILL FORMATION 

(lowville) 

Along the road, 1.3 mile farther south or 0.9 mile north of Coboconk, 
is an outcrop of medium-grained dark grey limestone. This outcrop is 
partly ex[)osed in the ditch along the road, and partly is seen as a low 
ledge behind a farmhouse, running in a general westerly direction. The 
limestone is typically Lowville with abundant Tetradium (ellulosum, A 
much better section of the same strata is exposed at the village of (\)bo- 
conk. For this reason only a brief description will be given here. 

The lowest beds are aphanitic, buff to light grey limestone, with con- 
choidal fracture. The rock is filled with “birdseyes” and calcite-filled 
tubes. It is interbedded with some thin, greenish, possibly magnesian 
layers. Four feet higher up are several prominent stylolotic* partings, 
and the rock becomes mottled, with pink patches. The aphanitic material 
continues to about seven feet above the lowest bed. These lower beds 
appear to lie equivalent to the upper layers of the Gull River formation. 
Seven feet above the base of the section the character of the rock changes 
abruptly to bluish fine-grained to aphanitic limestone with numerous fos- 
sils. The most prominent fossils are Tetradium syringoporoideby Ortho- 
ceras multicameratunty Rafinesquitta cf. aUernatOy Pachydict-ya sp. ind., 
Helicotoma planulatay Leperditia fabuliies. At 8.5 feet, appear numerous 
large heads of Tetradium fibratumy and fragments of asaphid trilobites. 
These beds can, with justification, be called Tetradium beds. Up to 12 
feet the bluish fine-grained limestone continues to be very fossiliferous, 
some layers in particular being apparently filled with twisting tubes made 
of crystalline calcite. They apparently represent worm tubes. At 12 
feet, Tetradium cellulosum and Stromatocerium rugosum are quite num- 
erous. Above this horizon the rock gradually is becoming coarser grained, 
and at the top, 18 feet above the base of the outcrop, the most common 
fossils are Lambeophyllum profundum and crinoid stems. 

The total section expos^ is about 20 feet thick and, as seen from the 
foregoing description, it starts in the light grey to buff aphanitic be<;l8 of 
the Gull River formation, and extends into the fossiliferous typical Low- 
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ville (Moore Hill), characterized by abundance of Tetradiutn cellulosum. 
The term Moore Hill formation is suggested for local use, as this series of 
beds is quite distinct both faunally and lithologically from the aphanitic 
Gull River formation below, and the Coboconk (Leray) formation above. 
I am hesitating, at this time, to apply the term Lowville for this series of 
beds, because the Gull River formation, as stated before, also has a Low- 
ville aspect; using the term Lowville for Moore Hill beds alone, might 
imply, therefore, a restricted usage for the very useful term Lowville. 

Moore Hill Formation 

FAUNAL list 

Stromalocerium rugosum Hall. 

Lambeophyllum profundum (Conrad). 

Tetradiutn cellulosum (Hall). 

T. fibratum Safford. 

T. halysit&ides Raymond. 

T. cf. syringoporoides Ulrich. 

T. clarki Okulitch. 

Rhynidiclya sp. 

Rafinesquina minnesotensis Winchell 
R. cf. alternata (Emmons). 

R. clara Okulitch. 

R. n. sp. 

Strophomena filitexta Hall. 

Zygospira recurvirostris Hall. 

Ctenodonta cf. gibberula Salter. 

Trockonema sp. 

Hormotoma angustata (Hall). 

H. gracilis (Hall). 

Helicotoma planulata Salter. 

Liospira sp. 

Orthoceras cf. multicameratum Emmons. 

0. cf. recticameratum Hall. 

Cycloceras sp. 

Bathyurus extans Hall. 

B. spiniger (Hall). 

Isotelus gigas Dekay. 

Bumastus sp. 

Pterygometopus calUcephalus (Hall). 

Leperditia fabuHtes Conrad. 

Isochilina armata Walcott. 
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This list indicates that Moore Hill formation is of Lowville age. It 
also shows a close relationship with the fauna of Gull River formation. 
The upper limit of Moore Hill formation is determined by the range of 
Tetradium cellulosum. 

The Moore Hill beds are undoubtedly equivalent to division 3 (Upper 
Lowville) of Johnston (p. 255, 1912). To quote:- -‘The Beatricea beds 
are overlain by about 20 feet of fine-grained even-bedded dove-coloured 
limestone characterized by Bathyurus extans and in the upper portion of 
a great abundance of Tetradium cellulosum. At the top are a few feet of 
coarser-grained dark coloured limestone, and in the section exposed in 
the quarry at Coboconk, Ont., Mr. Raymond considers that the line 
between the Lowville formation and the next succeeding formation, which 
was named the C oboconk formation and correlated with the Leray forma- 
tion of the New York State geologists, in last year’s Summary Report, 
should be drawn about 9 feet above the fine-grained beds, as the Tetradium 
cellulosum still appears in these beds.” 

section at coboconk, ONTARIO 

Exposed along the eastern bank of the river at Coboconk, and along 
the cliff marking the southern outskirts of the village are numerous expo- 
sures of Black River limestone. The best sections are along the new road 
cut on highway No. 36, and in the quarries of the Canada Lime Company 
Ltd. and the Toronto Brick Company Ltd. About 40 feet of beds is 
exposed. The lower part of the section is best seen along the road cut, 
while the uppermost beds are exposed in and back of the Canada Lime 
Company quarry. Mr. M. F. Goudge of the Dominion Bureau of Mines 
in his recent reports on Limestones of Canada (1935), gives descriptions 
and analyses of these rocks. A detailed stratigraphic description of the 
formations follows: 

ROAD cut, highway NO. 36, SOUTH OUTSKIRTS OF THE VILXAGE OF 

COBOCONK 

Bed From Base of Section 

No. ....... 

1 . 17"— Aphanitic, light dove grey, weathering to whitish grey; lime- 

stone. Not fossiliferous. 

2, 14"— Similar to 1, buff-weathering limestone with stylolitic partings 

and some pyrite. ^ ^ 

8. 29"~Very light grey, weathering to buff grey limestone. Upper 
surlmce pitted, contains siliceous stringers, which might be 
worm burrows, some very fine brecciation. , General appear- 
ance of "birdseye” limestone. A few extremely small crinoid 
stems less than 1 mm. in diameter. Not fossiliferous. 


10 
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Bed From Base of Section 

Nos. 

4. 10" — Light grey to brownish-grey limestone, mottled with reddish 

patches and containing paper thin partings of shaly material 
within the bed. Upper layer weathers greenish; cubes of 
pyrite. Not fossiliferous. 

5. 14" — ^Light grey, light grey to buff-weathering, aphanitic limestone. 

Upper layer green, contains some pyrite and is mottled with 
reddish patches. Calcite-filled tubes (birdseyes), numerous 
ostracods, Leperditia amygdalina Jones. 

6. 17" — Darker than the previous beds, aphanitic, mottled, buff- 

weathering limestone; styloHtes on partings in the bed. Cal- 
cite-filled tubes. Large and small ostracods. Leperditella 
inflate ? Ulrich, Leperditia canadensis ? 

Total 8'-7". 

Top of Gull River Formation. 

Bottom of Moore Hill Formation. 

7. 21" 

8 . 10 " 

9. 43" 

10. 3" 

77" — Form together a prominent heavy bed. Dark grey slightly 
brownish aphanitic limestone. Bed 10 is noticeably lighter in 
colour and makes a convenient key horizon. Beds 7 and 8 
are not fossiliferous, while bed 9 contains abundant Tetradium 
cellulosum, 

Tetradium cellulosum, T.fibratum, T^halysitoides, T.cf.syrin- 
goporoideSf Rhynidictya sp., Hormotoma gracilis, Isotelus cf, 
gigas, Leperditia fabulites r 

11. 13" — ^Fine grained, medium grey limestone, weathering to lighter 

grey. Tetradium cellulosum very abundant. 

Tetradium cellulosum, T. fibratum, T- cf. syringoporoides. 
Orthoceras cf. multicameratum. 

12. 7" — Brownish to greenish grey, fractured and rubbly limestone. 

T. cellulosum, T.fibratum, Bryozoa, Rafinesguina minnesotensis, 
R. cf. alternata, Rafinesguina new species, Zygospira recurvi- 
rostris. 

18. 49"~A heavy massive bed; some fracturing. Dove grey, grey 

weathering aphanitic to fine grained limestone. Very few 
Tetradium cdltdosum. Tetradium cellulosum, T. clarki ?, 
Rafinesguina cf. alternata, R. clara, Zygospira recurvirostris, 
Isotelus gigas, Bumastus sp., ostracods. 

Total 12'-2". 

Top of Moore Hill Formation. 

Bottom of Coboconk Formation. 

14 . 43"— Medium grained to fine grained, grey to brownish grey lime- 
stone. Brown on weathering; irregularly fractured ; and actu- 
ally consisting of several irregular beds. 
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Stromatocerium rugosum, Coiumnaria haUi, Lichenaria sp., 
LambeophyUutn pr^undum, Fletcheria sinclairi, Bryozoa, Rafin- 
• ts^ina aiternata, R. data, Rhyncotrema incrd>escens, Doh- 
roldes sp., Zygospira recurvirostris, Lophospira perangvlata, 
Liospira sp., Phragnudites compressus,- Leperditia cf, fabulites. 
15. 60" — Composite bed consisting; of four or five beds. Fine grained, 
grey to brownish grey limestone. Brown on weathering. 
Upper surface bluish grey, and somewhat nodular due to par- 
tial solution and weathering. Very numerous Coiumnaria 
halli and Stromatocerium, as in bed 14. 

Stromatocerium rugosum, Stromatocerium cf. canadense, Coium- 
naria halli, Fletcheria cf. sinclairi, Lambeophyllum profundum, 
Lichenaria carterensis, Lichenaria n. sp., Rafinesguina sp., 
NicholsoneUa laminata. 

Total 8'-7". 

Grand total 29'-2". 

Top of section. 

While this is the top of the section in the highway cut, the section con- 
tinues in the quarry of the Canada Lime Co. For convenience of com- 
parison, the same bed numbers will be used in describing the quarry sec- 
tion, as were used for the road cut. 

Quarry of the Canada Lime Co. 

The quarry i^ located south of the village, and east of highway No. 35. 
The total thickness of beds exposed in the quarry is 30 feet. The quarry 
is bottomed on what we called bed 7, in the road cut, and below this is the 
aphanitic limestone of the Gull River formation. The aphanitic limestone 
is said by Goudge (1935) to be unsuitable for making lime. Only the 
most prominent fossils are mentioned in the descriptions. 

Bed Bottom of quarry. 

Nos. 

' 7. 20" — Grey limestone. A few straight nautiloid cephalopods. 

8 . 

9. 56" — Composite bed consisting of several 10 to 12-ihch beds. Light 
grey aphanitic to fine grained limestone. Numerousrc^rodtMm 
cdlulosum. Typical Lowville limestone. Upper surface shaly, 
containing ostracods and fragments of trilobites. Tetradium 
ceUvlosum, Pterygometopus camcephalus. 

10. 2" — ^Light grey aphanitic to fine-grained limestone. 

11 . 

12. 19" — Massive, light grey, darker-weathering aphanitic limestone. 

Abundant'Tetradium. 

Tetradium ceUulosum, T.fbratwm. 

13. 45" — Dove-grey, fine-grained limestone splitting into several 6" to 

12" beds. 

Tetradium cdlulosum. 
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Top of Moore Hill Formation. 

Bottom of Coboconk Formation. 

14. 82" — Dove grey, medium to fine-grained limestone, weathering to 

15. darker grey or brownish grey. .Splitting into several thinner 
beds. The transition from 13 to 14 and 15 is not sharp and 
is established by observing the upper range of Tttradium ceUu- 
losum, which does not extend above 13. Columnaria and 
Stromatocerium are very abundant in 14 and 15. 

The top of 15 looks like a top of a sedimentary series. The 
surface is very irregular and may represent a slight erosional 
unconformity. Above this contact the limestone is thin- 
bedded with coarser ^ain, the lower beds showing very well- 
developed cross-bedding. 

Stromatocerium rugosum, Ctdumnaria haUi, Lichmaria carter- 
ensis, LambeophyUum profundum, Refinesquina altemata, R. 
clara, lAospira sp. 

16. 162" — ^Light grey, fine to medium-grained limestone. Beds 2 to 3 

inches thick, in contrast to the heavy beds just below. The 
lower 20 inches show distinct cross-biding. Some of the beds 
are oblitic. 

Receptaculites occidentaUs, Stromatocerium rugosum, S. cana- 
dense, LambeophyUum profundum, Calapoecia canadensis. Lick- 
enaria n. sf)., Graptodtctya cf. proava, PhyUodictya varia, Hes- 
perortkis triceuaria, Rafinesguina altemata, R. minnesotensis, 
R. clara, Strophomena filitesUa, S, cf, corrugata, Leptaena cf. 
radialis, Zygospira recurvirostris, Rkyncotrema increbescens, 
Maclurites logani, Actinoceras bigsbyi, Isotelus gigas, LeperdUia 
fabulites. 

Total thickness 

81'-2". Top of section. 

Total thickness exposed at Coboconk is therefore 36 feet and 10 inches. 
Of these, 8 feet 5 inches belong to the Gull River formation, twelve feet 
to Moore Hill formation, and the remaining twenty feet to Coboconk 
formation. It is however questionable whether all of the twenty feet can 
be retained in the Coboconk and whether it will not be necessary to restrict 
Ais formation to beds 14 and 15. 

Coboconk Formation 
Beds 14, 15, and 16 

FAUNAL LIST 

(Fossils occurring exclusively in bed 16 are marked by an *) 
*ReeeptactMtes occidentaUs 
Stromatocerium rugosum 
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5. cf. canadense. 

Beatricea cf, gracilis, 

Columnaria halli, 

'^Calapoecia canadensis, 

Lambeophyllum profundum. 

Lichenaria carterensis, 

L. n. sp. 

Fletcheria cf, sinclairi, 

Graptodictya cf, proava (Eichwald). 

Phyllodictya varia, 

Nicholsonella laminata, 

Rhyncotrema increbescens, 

^Hesperorthis tricenaria, 

Rafinesquina alternaia, 

R, data 

R, minnesotensis 
Strophomena fililexta, 

S, cf. corrugata 
Leptaena cf, radialis 
Zygospira recurvirostris 
Bellerophon charon 
Holopea nereis 

*Maclurites logani 
Hormotoma gracilis 
Lophospira perangulata 
Liospira sp. 

Phragmolites compressus 
Actinoceras higsbyi 
Hormoceras tenuiUlum. 

Isotelus gigas. 

Leperditia fabulites. 

This fauna is of distinctly Leray (Chaumont) type. Very similar 
faunas are associated with this formation in the State of New York, at 
Kingston, at Montreal and points east. The status of the Leray in 
Canada, however, has been put under a serious question by the work of 
Dr. G. Marshall Kay. According to Dr. Kay, what has been called Leray 
in Canada, at least in part, should be included with the lower Trenton, 
or more specifically, ^e Rockland formation. In his paper on the 
'‘Stratigraphy of the Trenton Group*' (G. M. Kay, 1937, p. 256) Dr. Kay 
concludes that Coboconk limstone is equivalent to the Napanee member 
of the Rockland formation. He states that; “In Northumberland and 
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Peterborough counties, limestones lithologically similar to Coboconk, 
contain Triplecia cuspidate in the upper part, and overlie upper Black 
River, Chaumont limestones. The Coboconk formation contains Mac- 
lurites logani, Receptaculites occidentalism Hesperorthis tricenariam and Cala- 
poecia canadensis characteristic elsewhere of the Rockland. The 
‘Dalmanella beds’, originally called Rockland in this district, are thought 
to be lower Hull.” 

I disagree with Dr. Kay in this matter, at least in so far as the Cobo- 
conk limestone is concerned. According to Dr. Kay, the lower member 
of the Rockland formation — the Selby — is characterized by Do^eroides 
otiawanus Wilson (G. M. Kay, 1937, pp. 252, 263) and also frequently 
contains Calymene senaria and Dalmanella rogata. Neither of these fossils 
is present in Coboconk. The Napanee member, at its type locality, con- 
tains an abundance 9 f Dalmanella rogata and Sowerbyella curdsvillensism 
and in its higher layers Triplecia cuspidate (Hall). As seen from the 
faunal lists, however, these Trenton forms are not present in the Cobo- 
conk. 

In analysing the fauna of Coboconk formation, we see at once that all 
typical lower Trenton forms such as Dalmanella rogata, Sowerbyella curds- 
villensis, S. cericea, Platystrophia amoena, Camarella hemiplicata, Endo- 
ceras proteiforme, Calymene senaria, etc., are lacking. On the other hand, 
the typical Black River fossils, — Columnaria halli, Stromatocerium rugo- 
sum, Lambeophyllum {Streptelasma) profundum, Lichenaria carterensis, 
Rafinesquina minnesotensis, R, clara, Maclurites logani, Lophospira peran- 
gulata, Actinoceras bigsbyi, Hormoceras tenuifilum, etc., are present. I am 
convinced, therefore, that Coboconk formation should be retained in the 
Black River Group. 

It is obvious that the present unsettled condition of the Black River- 
Trenton boundary exists mostly because of lack of complete faunal lists 
from the type localities in the State of New York. Once such lists are 
available^ it will be comparatively easy to decide the status of the Chau- 
mont (Leray) and the Rockland formation in Ontario and Quebec. It is 
also obvious that there is no sudden break between the Black River and 
the Trenton faunas. Rather, we are witnessing continuous deposition 
during the Black River-Trenton epoch, and a correspondingly continuous 
change in the faunas. Under the circumstances, our subdivisions of this 
continuous record will necessarily have to be, to some extent, arbitrary 
and depend on a statistical evaluation of large fossil collections rather 
than on one or two ^ ‘index” fossils. At present I am of the opinion that 
if the upper portion of the Leray in Canada contains a majority of Black 
River fossils and some Trenton forms as well, it would be better to con- 
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tinue regarding the whole of Leray as Black River and not assign its upper 
layers to the Rockland. 

Coming back to Coboconk, however, should it be shown that part of 
the Leray in Canada is in reality Rockland, then only the upper part of 
the Coboconk formation, namely bed 16, could be transferred to the 
Trenton. This view is based on the fact that bed 16 contains Calapoecia 
canadensis, ReceptacuUtes occidentalis, Hesperorthis tricenaria and Mac- 
lurites logani, i.e. forms which conceivably could be regarded as Rockland 
fossils. Beds 14 and 15 contain only the common Black River forms. 
Should this be done, the boundary betwem the Black River and the 
Trenton in the Coboconk district could very conveniently be placed at 
the top of bed 16. 

Conclusions 

Summarising the results of this investigation, we see that the Ordo- 
vician section at Coboconk is about 96 feet thick; this thickness distri- 
buted among four formations: 


Coboconk 20 feet 

Moore Hill 12 “ 

Gull River 46 “ 

Shadow Lake 18 “ 


Total 95 feet 


It is probably too early at this stage of held work to attempt correla- 
tions with other areas. It is felt, however, that at least a tentative corre- 
lation, to serve as a working hypothesis until more information is ob- 
tained, will be useful. The nearest well-known section is at Kingston, 
Ontario, about 116 miles east of Coboconk. The Kingston section has 
been fully described by E. M. Kindle, in association with Dr. Alice E. 
Wilson and Kirtley F. Mather. Some modifications were later suggested 
by G. M. Kay. 

Kindle’s descriptions (1916, p. 49) seem to indicate that Shadow Lake 
formation closely resembles lithologically the Rideau formation, which is 
regarded to be the basal member of the Pamelia. Fine textured, aphan- 
itic beds of Gull River formation, show some resemblance to the Pamdia 
proper, although in the absence of more extenmve faunal lists a precise 
correlation is impossible. Kindle mentions, however, that the Pannelia 
at Kingston is “a fine-textured rock of dove-grey colour. It lies in even- 
bedded strata usually 6 inches to 2 feet in thickness, many of whidi have 
a texture approaching that of lithographic limestone. ... In some of the 
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upper beds of the Pamelia, bands of stylolites are common.” The thick- 
ness of the Pamelia in the Jackson's mill section is about 40 feet» which 
also agrees very closely with that of Gull River at Coboconk. Fossils 
found in the Pamelia at Kingston are closely related or identical with the 
ones found in the Gull River. Both formations also contain mud cracks. 

Overlying the Pamelia at Kingston are the Lowville and the Leray 
(Chaumont), characterized respectively by Tetradium cellulosum and 
Columnaria hatlu The combined thickness of Lowville and Leray is 
about 35 or 40 feet, which is only a few feet more than the combined 
thickness of Moore Hill and Coboconk formations. 

We may conclude, I believe, that in a general way the Coboconk 
formations may be correlated with the Kingston formations as indicated 
above. A more precise correlation will have to wait until the rocks in the 
intervening area are surveyed and fossil collections made. 
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THE FLAXVILLE PLAIN IN ALBERTA 


By P. S. Warren 

Department of Geology, University of Alberta 
Introduction 

The Tertiary history of Alberta is not well known. The reason for 
this lack of knowledge is (hat, so far as Alberta is concerned, it was a 
period of degradation rather than aggradation; a period of uplift with 
high land well supplied with rivers of sufficient gradient that little aggra- 
dation was possible. Further difficulties in reading the Tertiary history 
are provided by a severe glaciation in Pleistocene time, which produced a 
considerable change in the aspect of the country and left a heavy mantle 
of drift over much of the surface. The glaciation, therefore, not only 
affected the physiography of the area but effectively concealed the under- 
lying rock over a greater part of the country. It is a combination of these 
circumstances that makes the Tertiary history of Alberta so difficult to 
read. 

The history of the early Tertiary in Alberta is fairly well known. The 
early phase was very similar to, and formed a continuation of, the late 
Cretaceous history. The Cretaceous sea had been driven off and con- 
tinental beds succeeded marine beds before that period came to an end. 
Continental conditions of deposition continued in Paleocene time with 
only a minor break intervening. The Paskapoo sandstone, very similar 
to the late Cretaceous Edmonton sandstone, was deposited over a greater 
part of Alberta at this time. It has suffered considerable erosion since 
and the formation is now limited to central Alberta with an outlier in 
southeastern Alberta and southwestern Saskatchewan known as the 
Ravenscrag formation. So far as known no deposits were laid down in 
Eocene time in Alberta. It was undoubtedly a period of uplift and 
erosion and it was at this time that the Canadian Rockies were formed. 
The culmination of this uplift was undoubtedly at the end of Eocene time 
or the beginning of Oligocene time as the first erosional debris known to 
have been derived from the Rockies was deposited on the plain to the 
east in Upper Eocene and Lower Oligocene time. These are the Swift 
Current Eocene conglomerate in central Saskatchewan* and the Cypress 
Hills Oligocene conglomerate which overlies the Ravenscrag formation 

‘RuMell, L. S., An Upper Eocene vertebrate fauna from Saskatchewan: Trans. Roy. 
Soc. Can., Vol. 27, Sec. 4, 1033. 
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on Cypress hills and farther east on the Swift Current plateau. These 
formations are composed largely of well-rounded quartzite boulders, 
mixed with sandy beds and a certain amount of lime. The age of these 
beds has been definitely established by fossil evidence. 



From Lower Oligooene time till the Pleistocene glaciers covered 
Alberta, the geological history of Alberta is largely unknown except that 
a great deal of erosion took place. The Cypress HiUs conglomerate now 
stands at an elevation of from 1,500 to 2,000 feet above the present land 
surface. These remnant hills, capped by conglomerate, mark the deva* 
tion of the land surface, undoubtedly a plain, that existed just after the 
Rockies were elevated. It was named by Alden, the Cypress plain.* 
During the remainder of Tertiary time the Cypress fdain suffered erorion 
till the land was reduced to the present level. Whether this erowon took 

■Alden, W. C., Physiographic development of the Northern Greet Plaine; Geol. Soc> 
Amer., Bull. Vol. 35, p. 892, 1924. 
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place in one or two cycles is the question we are attempting to answer in 
this communication. 

Previous Work in Neighbouring Areas 

Though the details of Late Tertiary history are largely unknown in 
Alberta, some contiguous areas have been more fortunate. Bailey Willis,* 
working on the Lewis and Livingstone ranges in Montana, found the 
remnants of a high level plain in that area which he designated the Black- 
foot plain. The Blackfoot plain has been studied by later workers, 
notably Alden^ and Billings.* The plain attains an altitude of about 
6,000 feet near the front ranges, standing some 500 feet above the stream 
levels and is overlain by quartzite boulders derived from the mountains 
and above this, glacial drift. Remnants of the Blackfoot plain in eastern 
Montana are known as the Flcixville plain and the quartzite boulders which 
cap the plain, the Flaxville gravels.* There may be some uncertainty as 
to the correlation of these two plain remnants as fossils have not as yet 
been obtained from the Blackfoot gravels. Fossils from the Flaxville 
gravels demonstrate their age to be “not older than Miocene or younger 
than Lower Pliocene”.’ Correlation is based largely on the altitude of 
the plain which rises to a height of 6,000 feet or more near the front range 
to 2,600 feet in central Montana. The Blackfoot or Flaxville plain 
(Alden, 1932, accepts the name, Flaxville, for this plain as it occurs in the 
front ranges) is from 600 to 1,600 feet below the elevation of the Cypress 
plain in central Montana. 

The Flaxville plain extends into Saskatchewan on the Boundary pla- 
teau as shown by Collier and Thom’s map. Another Saskatchewan point 
where quartzite gravels have been found on a high bench is Wood moun- 
tain.® These gravels are at a little higher elevation than the Flaxville 
gravels to the south. It is quite possible that Wood mountain is part of 
the Flaxville plain. The fauna in the Wood Mountain gravels is con- 
sidered to be Miocene in age. 

•Willis, Bailey, Stratigraphy and structure, Lewis and Livingstone ranges, Montana: 
Geol. Soc. Amer., Bull. Vol. 13, pp. 305-352, 1902. 

•Alden, W. C., Physiography and Glacial Geology of Eastern Montana and adjacent 
areas: U.S. Geo!. Surv,, Prof. Pap. 174, 1932. 

•fiillingi, M., Physiographic relatione of the Lewie overthruet in Northern Montana: 
Amer* Jour. Sc., Vol. 35, pp. 260-272. 

•Collier, A J. and Thom, W. T*, Jr., The Flaxville gravel and ite relation to other 
terrace gravels of the northern Great Plaint: U.S. Geol. Surv., Prof. Pap. 108(J)« 1913. 

’Gidley, J. W, $n Collier and Thom, op. cti., p. 181. 

•Sternberg, C. M., Miocene gravele in Southern Saskatchewan: Trane. Roy. Soc. 
Can,, Vol. 24, Sec. 4, p. 29, 1980, 



344 


Transactions of the Royal Canadian Institute 


Flaxville Plain in the Foothills Region 

In considering possible remnants of the Flaxville plain in the foothills 
region in Alberta, it should be mentioned first that Alden thinks it pos- 
sible that the top of Milk River ridge in southern Alberta, in tp. 3, rgs. 
17-21, west 4th mer., may represent a remnant. It is a little low, 4,100- 
4,300 feet above sea level, and there are no known boulder deposits on the 
top. He also mentions a plateau in rgs. 21 and 22 west of the same meri- 
dian extending across the international boundary into Montana and 
standing at an elevation of 4,360 feet.* These areas have not been visited 
by the writer and will not be considered further at this time. Evidence 
from areas farther north are more pertinent to the subject of this paper. 

West of Calgary extending from the northwest corner of tp. 25, rg. 4, 
west 5th mer. and in the northeast corner of tp. 25, rg. 5, west 5th mer., 
a flat plateau truncates steeply dipping beds. This is named the Craw- 
ford plateau. It slopes gently to the east, attaining an elevation of 4,350 
feet on the east end and 4,400 feet on the west end — a distance of about 
three miles. Three patches of quartzite boulder conglomerate occur on 
this plateau as mapped by Hume.'* This conglomerate seems to be iden- 
tical with the quartzite gravels on the Flaxville plain in Montana and the 
height of the Crawford plateau conforms very well with the elevation of 
the Flaxville plain at a similar distance from the mountains. 

A little to the north and west of the Crawford plateau, on the south 
side of tp. 26, rg. 5, another small plateau truncates the tilted and folded 
beds of the foothills. This is the Radnor plateau. It is about three 
miles long and from a quarter to a half mile in width. Its elevation at 
the east end is about 4,400 feet and at the west end about 4,450 feet. It 
is well grassed over and no beds of quartzite conglomerate have been 
observed. 

There seems little doubt that the Crawford and Radnor plateaux 
represent remnants of the Flaxville plain as developed in the foothills in 
Montana. They occur at about the same elevation as the Montana 
remnants which occupy the same relationships to the front ranges of the 
Rockies, and the Crawford plateau is overlain by patches of quartzite 
conglomerate similar in every way to the quartzite conglomerate lying on 
the plateaux in Montana. The fact that no consolidated conglomerate 
has been observed on Radnor plateau does not mitigate against its inclu- 
sion as a remnant of the Flaxville plain. Aggradation on such a plain 
would be very irregular and only areas near the main drainage systems 
would receive heavy deposits of boulders. Again, since the time of uplift 

'Alden, W. C., Op. dt., p. 14. 

"Hume, G. S., Geol. Surv. C«»., Map 277A, Jntnpingpottnd aheet. 
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of the plain erosion was active and much of the aggraded material on the 
plain must have been removed. 

Nichols‘S has suggested that these plateaux are remnants of the 
Cypress plain and that the quartzite conglomerate on Crawford plateau 
is Cypress conglomerate. Such a suggestion is untenable as the Cypress 
plain must have been at least 2,000 feet above the elevation of these 
plateaux if we allow a sufficient slope to aggrade the Cypress hills in 
eastern Alberta which stand now at an elevation of 4350 feet, which is 
above the level of the plateaux in the foothills. There seems little doubt, 
therefore, that we must correlate the Radnor and Crawford plateaux with 
the Flaxville plain as developed in the foothills in Montana. 

Other evidences of the Flaxville plain are present in the Alberta foot- 
hills to the north of Crawford and Radnor plateaux. 

North of Bow river occurs the largest segment of this plateau anywhere 
observed. This may be termed the Cochrane plateau. Commencing at 
Little Red Deer river in the northwest corner of tp. 28, rg. 6, west 6th 
mer., it extends southeast to the southwest corner of tp. 35, rg. 1, west 
5th mer., a distance of about 34 miles. It is irregular in shape and cut 
by transverse rivers into three sections, the southeast section being known 
as Big Hill. At the northwest end it is over 4,500 feet in elevation, sink- 
ing to 4,000 feet at the southeast end. This plateau truncates the folded 
beds of the foothills on the west side. Quartzite boulders are quite abun- 
dant in places over the surface but no consolidated bed has been observed. 
Most of the area has been covered by glaciers from the Keewatin area 
and morainic material is locally quite abundant. No glaciers from the 
mountains, however, appear to have reached this elevation. Such gla- 
ciers seem to have been confined to the main river valleys or to have 
shoved up their tributaries as it is only in such low areas that good ter- 
minal moraines composed of mountain material have been observed. 
The quartzite boulders that lie on the high ridges and plateaux in the 
foothills undoubtedly have their source in the quartzite conglomerates 
laid down on the Flaxville plain. 

In the area around Bow river, it is possible to get an idea of the slope 
of the Flaxville plain in an east-west direction. From the west end of 
Radnor plateau to the east side of Big Hill, a distance of about 17 miles, 
the drop in elevation to the east is about 360 feet or about 20 feet to the 
mile. The gradient would undoubtedly be steeper toward the west and 
more gentle toward the east as we would expect the uplift to be differ- 
ential, increasing toward the west as it is in Montana, 

i^Nichols, D. A., Terminal moraine of the Pleistocene ice^sheets in the Jumpingpound- 
Wildcat Hills area, Alberta, Canada: Trans. Roy. Soc. Can., Vol. 25, Sec. 4, 1931. 
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The elevation of the Flaxville plain in this area is about 600 feet above 
the level of Bow river, the main drainage way. This corresponds well 
with some of the elevations above the main drainage systems in Montana. 

Commencing just north of Red Deer river, in sec. 34, tp. 81, rg. 7, 
west 6th mer., a high plain extends in a northwesterly direction to James 
river, ending in tp. 33, rg. 8. It is at least 12 miles in length and from 
one to two miles in width. The plain truncates the highly dipping, folded 
and faulted Cretaceous sandstones and shales and stands at the same 
elevation as the top of the foothill ridges in the vicinity. Unfortunately, 
a good portion of the area occupied by this remnant of plain has not as 
yet been topf^raphically mapped. 

The writer first came in contact with the remnants of the Flaxville 
plain in the area north of the Bow in the vicinity of Red Deer river, and 
extending into tp. 33, rg. 8. It is very irregular in shape and unfortun* 
ately much of it is unmapped. The plain is poorly drained and is quite 
marshy with a heavy growth of small trees including many willows. 
Though quartzite boulders are prevalent in the vicinity of the plain, no 
considerable bed of them could be found. The elevation of this plain is 
about 4,700 and 4,750 feet and stands 700 feet above the present level of 
Red Deer river. The elevation of this plain and its elevation above the 
present drainage system undoubtedly serves to correlate it with the Flax- 
ville plain. 

Standing on top of this remnant of the Flaxville plain at Red Deer 
river, one is impressed with the fact that the knife-like foothill ridges, 
representing successive fault blocks of hard Cretaceous sandstone, extend- 
ing north and south from this remannt, are all about tbe same elevation 
as the plain itself, that is about 4,700 feet in this vicinity. They gradually 
decrease in elevation toward the east amd increase towards the west. It 
becomes increasingly apparent that the tops of these ridges represent the 
elevation of the Flaxville peneplain. The occurrence of occasional 
quartzite boulders derived from the mountains lying on top of these 
ridges is added proof that they represented the elevation of the Flaxville 
plain. As the top of the foothills ridges has never been glaciated, tiiese 
boulders must represent the remains of the aggraded material from the 
mountains which covered the Flaxville plain and is still found lying on 
its remnants. 

Another area which shows a remnant of the Flaxville plain is i^uth 
of Red Deer river in the southwestern part of tp. 80, rg. 7, west 5th mer, 
It covers several square miles and stands at an devation of from 4,750 to 
4,860 feet. Structurally it is farther west than the area nortii of the Red 
Deer, that is, it is closer to the mountain front and consequently higher 
in elevation. In the northwest corner of the same township and range 
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a small remnant of the same plateau, still closer to the mountain front 
has an elevation of over 5,000 feet. 

The writer has not studied, in detail, the two remnants of the Flax- 
ville plain south of Red Deer river and consequently has no knowledge 
concerning the aggraded material, if any, accumulated on them. Quartzite 
boulders from the mountains are, however, quite common in Fallen 
Timber creek in their vicinity and it is very probable that they were 
derived from quartzite boulder beds on the Flaxville plain, as F*allen 
Timber creek does not head in the mountains and it is very improbable 
that a glacier from the mountains ever occupied its valley* 

The position and extent of the remnants of the Flaxville plain in the 
vicinity of Red Deer river, so far as they are mapped, are well shown on 
the following sheets of the Topographical Survey; Bearberry sheet (west 
half) No. 404A, and Fallen Timber sheet (west half) No. 406A. These 
isolated remnants show that the slope of the plain was from the west to 
the east but the data are yet insufficient to arrive at any accurate figures 
regarding the gradient. 

Remnants of the Flaxville Plain East of the Rockies 

As it seems to be pretty well proven that the Flaxville plain is repre- 
sented by high benches in the foothills area, it is interesting to examine 
the plains area to the east for some remnants of the same plain. It has 
already been mentioned that remnants of this plain have been found 
south of Cypress hills. These have not been studied by the writer and 
will not be included here. 

In the area north of Cypress hills there are various hills of different 
elevations but only one which is capi>ed by quartzite gravels. This is 
Hand hills, whose summit lies in tp. 30, rg. 17, west 4th mer. It lies 
about 160 miles northwest of Cypress hills and about 120 miles from the 
front of the Rockies and stands at an elevation of 3,500 feet. Hand hills 
are overlain by sand and marls and capped in places with quartzite con- 
glomerate. The resemblance of these beds to those capping Cypress hills 
was so dose that the have always been mapped as Oligocene and are so 
shown on current maps. A careful analysis of elevations, however, shows 
that such a correlation is not tenable. The Hand hills lie thirty miles 
nearer the front ranges of the Rockies than the Cypress hills and are over 
1,000 feet lower in elevation, whereas, according to their position, they 
should be higher. It is interesting to notice the relationship, according 
to elevations, of the Flaxville plain and the Cypress plain as it has been 
worked out in Montana, according to Alden,** He states that the differ^ 

»Ald«n, W. C., Loc, eU., p. 13. 
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ence in elevation ^‘amounts to 700 to 1,000 feet east of mer. 109 W 
and 1,000 to 1,500 feet west of this meridian, possibly 2,000 feet in the 
Rocky Mountains of Glacier National Park, and 8,000 feet or more north 
east of the Yellowstone National Park”. As the west end of Cypress hills 
stands at an elevation of 4,850 feet and Hand hills at 3,500 feet and both 
!(»c.^iities fall in Alden’s area west of the 109th meridian, the diflference in 
elevation between the two hills -T ,350 feet ' ti^jrees remarkably well with 
Alden’b fij?:ures of 1,000 to 1,500 feet for the area, and demontrates that 
the gravels on top of Hand hills should be correlated with the Flaxvillc 
gravels and not with the Cypress Hills gravels and that Hand hills must 
be considered as a remnant of the Flaxville plain and not of the Cypress 
plain. 

Age ok the Flaxvili.k Plain in Alberta 

No fossil evidence has so far been obtained from the aggraded deposits 
on the remnants of the Flaxville plain in Alberta. In Montana, fossil 
evidence seems to show aggradation was proceeding on this plain in Upper 
Miocene to Lower Plicx'ene time and possibly still later.'** In southern 
Saskatchewan, the Wood Mountain beds, which may be correlative with 
the Flaxville gravels contain a Miocene fauna. 

The writer would consider that a late Miocene age for the Flaxville 
plain is more probable, taking Into consideration the amount of erosion 
that has taken place since its uplift. The earliest fauna present in the 
gravels is more likely to date the aggraded beds as it is certain that 
animals roamed the plain siiulie the uplift and it would not be unlikely to 
find the bones and teeth of such later animals mixed with the boulders 
on the plain, perhaps locally reworked. 

Conclusions 

The facts seem very clear that over the general area of Alberta the 
Cypre&8 plain had been eroded down pretty well to base level by the end 
of Miocene or the beginning of Pliocene time. A general uplift then took 
place, undoubtedly centering in the Rockies, which raised this peneplain 
and started another erosion cycle. This peneplain, known as the Flax- 
ville plain in Montana, is represented today by various remnants in the 
foothills and plains of Alberta as described in this paper. 

‘•Collier, A. J. and Thom, W. T,, Jr„ The Flaxville grave! and its relation to other 
terrace gravels of the Northern Great Plains: U.S, Geol. Surv., Prof. Pap. 108, pp. 
179-183, 1918. 

‘•Sternberg, C. M., Miocene gravels in Southern Saskatchewan: Trans. Roy. Soc, 
Can., 3rd Ser., Vol. 24, Sec. 4, pp. 29-30, 1930. 
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In conclusion, the writer would *’’ce to point out that the few rem- 
nants of the Flaxville plain noted in ttiis paper are not intended to be a 
complete record of all such remnants in the province. Many areas have 
not been investigated as much of the foothills area has not as yet been 
topographically surveyed. It is the intention at this time merely to 
bring forward sufficient evidence to prove the presence of the Fla^^ville 
plain in this area and so to add another chapter to the Tertiary history 
of Alberta. 
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CRETACEOUS MARINE FORMATIONS PENETRATI B &m 
WELLS NEAR LLOYDMINSTER, SASKATCHEWAN 


By R. T. D. WlCKENDEN^ 

For several years there^has been much drilling for oil and gas in the 
vicinity of Lloydminster, Saskatchewan. Since most of the drilling was 
done with standard rigs the samples obtained from the various formations 
show little contamination, and much good material has been obtained for 
studying the stratigraphy of the area. 

The area is located along the Albcrta-Saskatchcwan boundary about 
300 miles north of the International boundary. 

Two reports, one by Hume and Hage,® and another by Edmunds,* 
have recently been published about the area. These reports are mostly 
concerned with the occurrence of oil and gas and the stratigraphy is 
incidental to this. The present paper is confined to details of the strati- 
graphy of part of the formations and correlations based on the study of 
lithology and micro-faunas. 

All the wells have been drilled to the lop of sands assumed to be of 
Lower Cretaceous age and only a very few have been made deeper. 
Because of lack of information about the deeper formations this paper is 
confined to the formations above the Lower Cretaceous sands. 

The following table lists the formation discussed here : 


Formation 

Lithology 

Thickness in feet 

Grizely Bear 

Shale 

? 

Ribstone Creek 

Shale and sand 

100? 

Lea Park 

Shale 

Average 820, varies from 
790 to 870 

Alberta 

.... Shale 

Average 670, varies from 
660 to 690 


Below these formations are about 300 feet, more or less, of sands with 
a few ^ale bands in some of the wells. 

The log of the Lloydminster, No. 3 well, is published here to give 
details of the lithology of a typical well. 

^Published with the permUsion of the Director, Mines and Geology Branch, 
Department of Mines and Resources, Can^. 

*Huiiie, G. S., and Hage, C. O., Ll^dminster Gas and Oil Area, Alberta and 
Saskatchewan, Geological Survey (Canada) Paper 40-11, 1040. 

^Edmunds, F. H», Oil and Gas in Lloydminster Area. Can. Min* Met. Bull. No. 
8SS, lime, 1«40, pp. 961-278. 
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LLOYDlinNSTER NO. 3 

Location L.S. lOt Sec. 26, Tp. 49, R. 28, W. of 8. 


Format ionis 

Depth 
in feet 

Lithology, Accessory Material and Remarks 

Microfossil 

and 

Correlation 



Missing, probably mostly glacial drift 


Grizzly 

Bear? 

80-90 

90-100 

90-100 

Shale medium grey, some glauconite, smnd 
glacial drift. 

Shale medium grey, some glauconite, Foranii- 
fera. 

Marine ^ale 
member in 
Foremost of 
southern 
Alberta 

Ribstone 

Creek? 

100-190 

19D-U0 1 
140-100 
180-180 

180-100 

loo-aoo 

! 

Shak sandy, medium grey, some glauconite, 
Forandnifera. 

Shale, medium grey, Foraminifera. 

Missing. 

Shale medium grey, traces of plant remains, 
few Foramintfera. 

Mksing. 

Shale medium grey, traces of plant remains, 
Foranunifera. 


? 1 

200-280 

Cement, some traces of shale, few Foraminifera 


-oi" 

9s 

5r 

Upper Members 

280-820 

820-380 

880-840 

840-350 

850-380 

380-400 

400-410 

410-420 

420-510 

510-520 

520-040 

540-680 

580-700 

Shale medium grey, Foraminifera, a little 
pyrite. 

Shale medium gsey, some grey saadetoiie. 

Shale medium grey, Foramintfera. 

Shale medium grey, Kome grey sandstone. 

Shale medium grey^ 3 little pyrite, W Fora- 
minifera. 

Shale medium grey, a little grey sahdetone, 
Fmminifera, a little pyrite. 

Shale medloin gr^, little pyrites ForaminL 
fera, trace of glaueonlte. 

Shale medium grey, some tfcsutpoe 
tions. 

Shale medium grey, FmmviiitfOra, a Iktk 
pyrite. 

$hek medium grey# honstene eenerethms, 
Porambiifera, a Ihtle pyrite. 

Shale medhim grey, FoiiimtMlerat a little 
pyrite. 

Simk medium giey, 
stone eoucretions^ a little pyxhe. 

Shale medium grey, a tittle 

PRkowki? 

(Seutlwm 

AlMrta) 
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Formiitton9 

Depth in 
feet 

Lithology, Accessory Material and Remarks 

MicrofossU 

and 

Correlations 

r 

Lower Member 

760-780 

780-020 

020-960 

060-070 

970-080 

980-000 

900-1010 

Shale medium to dark grey. Epistcmina cara- 
coUa, etc,, a little pyrite. 

Shale medium to dark grey, Foraminifera, 
some brownish ironstone concretion, a little 
pyrite. 

Shale medium to dark grey, Foraminifera. 

Shale medium to dark grey, ironstone concrc' 
tions, Foraminifera. 

Shale medium to dark grey, Foraminifera. 

Shale medium to dark grey, fish remains, ben- 
tonite. 

Shale medium grey, little pyrite, fish remains, 
bentonite, Foraminifera, grey mottled con- 
cretions. 

Epistomina 
caracolla 
Milk River 
Sandstone 
(Southern 
Alberta) 


1010-1080 

1080-1100 

1100-1170 

1170-1180 

Shale dark grey with white calcareous specks, 
little pyrite, shell fragments. 

Shale dark grey with white calcareous specks, 
little pyrite, shell fragments, some calcar- 
eous sandstone. 

Shale dark grey with white specks, a little 
pyrite, shell fragment, Foraminifera. 

Shale dark grey with white specks, a little 
pyrite, shell fragments, Foraminifera, much 
iron oxide probably from bit. 

Boyne 

Member 

(Manitoba) 

Niobrara 

(U.S.A.) 


1180-1100 

Shale dark grey, a little pyrite, Foraminifera, 
some light grey sandstone. 

M order 
(Manitoba) 

Alberta 

1190-1270 

1270-1280 

1880-1200 

1200-1810 

Shale dark grey with white specks, a little 
pyrite, shell fragments, Foraminifera. 

Shale dark grey with white specks, a little 
pyrite, shell fragments, Foraminifera, some 
light grey sandstone with glauconite. 

Shale dark grey with white specks, a little 
pyrite, shell fragment, Foraminifera. 

Shale dark grey, a little pyrite, shell fragtpents, 
some light grey sandstone. 

Assiniboine 

-Keld 

(Manitoba) 


1810-IS30 

188I>*18W 

1880^1870 

t870<48iQ 

l88iM4tO 

Shale dark grey, a little pyrite, shell fragments, 
bufit granular calcareous material. 

Shale dark grey, little pyrite, grey concretions. 

$hale dark grey, some brown granular calcar^ 
eotti material* 

SM» dark grey, fossil hsh remains. 

SHale dark grey, fossil fish remains mostly re^ 

^ placed by pyrite, brown granular calcareous 
material, 

Ashville 
(Manitoba) 
Fort St. John 
(Fcace River 
District) 
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Formations 

Depth in 
feet 

Lithology, Accessory Material and Remarks 

Microfossil 

and 

Correlations 


1410-1430 

1430-1450 

1460-1460 

14C0-1470 

1470-1480 

1480-1500 

Shale dark grey, some crystalline pyrite, brown 
granular calcareous material. 

Shale dark grey, some grey sand, Foramin- 
ifera. 

Shale dark grey, brownish grey concretions. 

Shale dark grey. 

Shale dark grey, brown granular concretions. 

Shale dark grey, brown granular concretions, 
some white sand. 

Milliammina 

Zone 

Alberta 

1500-1610 

1510-1520 

1520-1550 

1560-1570 

1 

Shale dark grey, some white sand, hsh remains. 

Shale dark grey, buff granular concretion, 
some white sand, hah remains. 

Shale dark grey, grey concretions, buff con- 
cretions. 

Shale dark grey, some buff granular concre- 
tions. 



1670-1580 

Shale dark grey, some buff granular concre- 
tions, grey sandstone, a little glauconite. 

Hapkphrag^ 
tnoides gigas 


1680-1610 

Shale dark grey, a little grey sandstone, Fora- 
minifera. 

(variety) 

Lower 


1610-1650 

1660-1680 

- 1 

Shale dark grey, a little grey sandstone, a little 
glauconite, Foraminifera. 

Shale dark grey, much sandstone, shell frag- 
ment, little glauconite, cher pebbles at 1680 

Cretaceous? 

Lower 

1680-1697 

Sand, grey and white. 


Cretaceous 

1697-1704 

1704-1707 

Shale and sand, grey. 

Sand, light grey. 



Alberta Formation 

The name Alberta was given to a formation in the foothills by Hume.* 
In the type area the formation includes 8 members, the lower Alberta 
shale with the Inoceramtts labiatus fauna, the Cardium, a sand and con* 
glomerate member in the middle, and the upper Alberta, a diale member. 
The Upper Alberta contains fossils of Montana age near the top, whereas 
the rest of the formation contains fossils of the Coloradoan i^e. 

Hume considers that the same name* applies to the formation in the 
Ribstone area that occurs between the Lea Park formation, above, and 

*Hume, G. S., Geol. Surv. Csnads, Summ. Rspt. IflN, Pt. B, pp. BBdOB, 1880. 

'Hume, G. S., Oil and Gas in Western Canada, OeSl. Strvey of Canada, Ec«>. 
series, No. 0, p. 108,. 1888. 
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sand formations of probable Lower Cretaceous age below. The same 
name is used for this series of beds in this paper although it is probable 
that the term should be more restricted in this area as will be mentioned 
in the discussion of the formation in this paper. 

There are several lithologic and micro-fauna zones in the beds included 
in the Alberta formation as found in the wells near Lloydminster. The 
lowest zone is based on the occurrence of a micro-fauna, the most con- 
spicuous species of which is a variety of Haplophragmoides gigas Cushman. 
Most of the specimens of this species found in these wells are smaller than 
the type used by Cushman. In other areas the smaller variety seems to 
occur at a little higher stratigraphical zone than the larger typical speci- 
mens. The top of the micro-fauna zone is about 100 feet to 130 feet 
above the base of the Alberta. 

The lithology of this part of the formation is dark grey non-calcareous 
shale with some g^ey sandstone and glauconite. Usually there are a few 
chert pebbles ten to 6fty feet above the base of the formation. 

The basal zone differs from the next higher zone in the marked quan- 
tity of sand it contains and the lack of concretions. There is some doubt 
about the age of this part of the formation. 

It has been pointed out that* Hiplopkragmoides gigas occurs in the 
Lower Cretaceous and while it is not impossible that the species may 
range into the Upper Cretaceous its presence in the beds included in the 
Alberta in the vicinity of Lloydminster suggests that some of these beds 
may be older than Upper Cretaceous. 

Above the Haplophragmoides gigas zone is a slightly different litho- 
logical zone characterized by the occurrena* of a small micro-fauna, the 
most distinctive species of which is Milliammina manilobrnsis. The 
highest occurrence of this species is about a hundred and fifty feet above 
the H. gigas zone. It is probable that Milliammina manitobensis occurs 
at lower horizons in other parts of the prairies but its upper limit seems 
to be much the same in all parts of the prairies. 

The species associated with MtUiammina manitobensis in the Lloyd- 
minster area seem to be much the same as those associated with it in the 
Ashville beds of Manitoba and in the Fort St. John formation near 
Peace River town. 

The MUliammina manitobensis horizon is made up of dark grey or 
black non-calcareous shale with only a few beds of fine white sandstone. 
These beds also have buff, brown and grey concretions. 

Above the MUliammina zone there is about one hundred and twenty 
feet of Ron-calcateous cdiale which contains some poorly preserved arena- 
ceous Foraroimfera and a few easily recc^ized species such as Tritaxia 

*Wtckeiiden, R, T. D., Tr«rt». Roy. Soc. Canada, vol. 26, sec. 4, p. 179, 1258. 
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manitobensis and a fairly large rotund species of frochammna. The 
Trochatnmina seems to be confined to the tipper part of the 2one. 

The lithology of this zone is very mudt like that of the MiUitmmina 
zone except that there are very few large concretions but thtt-e is some 
brown granular calcareous material which looks as if it might be of 
secondary origin. 

This zone Is much like the upper part of the Ashville in its Forma- 
minifera and its position immediately below the speckled shale zeme. 

The next zone occurs above the non-calcareous shale already men- 
tioned below, and the Lea Park formation. There are three subdivisions 
to the speckled shale zone. The lowest member is made up of speckled 
shale which is a dark grey shale with specks of calcareous material. The 
samples from some wells contain fragments of limestone and it is probable 
that there are some thin bands of limestone in this member. Micro- 
fauna consists of only two or three species of Foraminifera. The two 
dominating species are Ghbigerina cntacea d Orbigny and Gumbelina 
ghbifera Reuss; both these species are supposed to occur in much of the 
Upper Cretaceous, but in the material studied from the prairies elsewhere 
they always occur with other species and never as abundantly as they 
do in this part of the section. This calcareous shale zone is eighty to 
one hundred feet thick. 

Overlying the lowest speckled diale zone is a non-calcareous shale ten 
to thirty feet thick which grades into speckled shale at ^ top. The 
samples from some of the wells show a certain amount of specked shale 
which probably has caved from the high zone and this makes it dilBcuit 
to judge the exact thickness of this member. There are usually a few 
Foraminifera in this non-caJeareous shale but they are ^lecies whose 
range extends into the overlying calcareous dude. 

The upper speckled shale member is about one hundred and forty feet 
to one hundred and sixty feet thick. Usually there Is a fmrly good fauna 
of Foraminifera in the lower part of this uppM* speckled llule member. 
The most common species are PltmuUmt kamisi Morrow, Gaudtyina 
rugosa d'Orbigny, Loxostomum Ugufata Reuss, and a species of 
phragmaides whi(h resembles HopihpktagmoUts l^^ra CuahmaO nod 
Waters although the periphery of the Canadian spedes is much more 
acute. These spedes and others found to tois part of the fOrtoation are 
similar to those found in part of the Boyae beds Of hfmiitidMi and eastern 
Saskatchewan. This similarity of fatitud and KthdlOgy tO dbh Bt^e 
beds suggest there is a correlation between this aohi and the Itoyne and 
if this is true the upper speckled diato amie of the IJtoydndnster wdls 
includes the ScaphUes ventHcorus zone. 

The upper one hundred and twenty toet of this epeekled shtoo tone 
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are almost barren of Foraminifera except for a few specimens of Globi- 
gsrina and Guntbelina. 

The two bands of speckled shale with a non-calcareous shale between 
and the micro-fauna of this whole zone suggest that this part of the 
Alberta formations represents in descending order the Boyne, Morden 
and Assiniboines and Keld beds as exposed along the Manitoba escarp- 
ment. There is no evidence to show whether or not the upper part of 
the Alberta shale as defined here includes any strata of Montanan age as 
is the case of the Alberta shale in the foothills. Evidence based on the 
micro-fauna of the upper part Boyne beds in Manitoba suggests that these 
beds are partly of Montanan age. 

Since there are about one hundred and thirty feet of beds above the 
part of the formation in the Lloydminster area that are probably younger 
than beds which contain the S. ventricosus fauna it is probable that the 
Alberta formation in the Lloydminster does include beds of Montanan age. 

The Lea Park formation overlies the Alberta and extends to the base 
of the Ribstone Creek formation. The formation wasoriginally described 
from surface exposures and although only about the upper three hundred 
feet of the beds can be seen at the surface it was defined as including 
everything between the base of the Ribstone Creek and the top of the 
Colorado. The actual thickness of the beds was not known at the time 
the formation was named and it is only since more well samples have been 
Studied that we have learned what is the thickness of these beds. In the 
Lloydminster area the Lea Park appears to be 800 to 870 feet thick. 
The thickness varies somewhat liecause the overlying Ribstone Creek 
formation is not so well developed and it too may Ixi made up of marine 
depoidts. 

There are two parts to the Lea Park which differ in both lithology 
and micro-fauna. The lower part is made up of medium to dark grey 
shale with numerous concretions near the top of the section. 

The basal fifty feet of the formation usually have several beds of 
bentonite and in some places calcareous mottled grey to white con- 

caretioha- 

The micro-fauna of the lower part of the Lea Park is distinguished 
by the prteence of Epistomina carocoUa (Roemer) throughout the section 
and ttear the base Planulina taylorensis (Carsey) and Trodkatnmina rib- 
sfmmsis Widcen^n are faitly common. Other species include varieties 
of Mi§pt^iirugmoid09, LetUietdina, and Loxostomum. This assemblage 
t cssm W ss that described by Loetterie^ from the base Of the Pierre In 
hMnw^a. 

Or, Hw mkiopslMOBtokigy of the Niobnua Foniistion in Ksnsss, 
IMbesdaitmd South Pskets, Bull, is, Second Soiee, NebniksGsolcigicsl Survsy, ltl7. 
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The micro-fauna is also similar to that found in the marine beds that 
replace the brackish and non-marine beds of the Milk River formation 
in southern Alberta. This part of the Lea Park is undoubtedly the 
marine equivalent of the part or all of the Milk River formation. 

The upper part of the Lea Park formation is made up of medium grey 
shale for about 200 to 250 feet above the lower part. This shale is over- 
lain by a similar shale with some irregular concretion bands and a little 
sandy shale in some wells. This part is usually about one hundred to 
one hundred and fifty feet thick. The uppermost part of the formation 
includes alK>ut 200 to 250 feet of shale usually without many concretions. 
There may be sandy shale or even sand beds in this part of the formation 
depending on where the boundary between the Lea Park and the Ribstone 
Creek formations lies. The upper contact with the Ribstone Creek is 
very indefinite because the sand assumed to be Ribstone Creek is in part 
marine in the Lloydminstcr area and not nearly all non-marine as in the 
area farther west where the formations were originally defined. The 
criteria for defining the boundaries between the two formations are not 
satisfactory. The total thickness of the upper part of the Lea Park that 
is between the Ribstone Creek formation and the part already described 
as the lower part of the Lea Park is between 560 and 600 feet. 

The micro-fossils of the upper part of the Lea Park are not so well 
known. Many of the species also occur in higher formations and since 
there is not enough information available to determine which fossils are 
confined to the upper part of the Lea Park it is not advisable to name 
any characteristic micro-fossils. 

Most of the species do not range into the lower part of the Lea Park. 
One species which is very characteristic of the beds above the lower part 
of the Lea Park is Verneuitlina btarpamnsis Wickenden. This species 
is very common to all the upper part of the Lea Park and does occur in 
some of the overlying formations. 

Ribstone Creek and Grizzly Bear 

The occurrence and boundaries of these two formations in the Lloyd- 
minster area are somewhat uncertain. The Ribstone Creek at the type 
locality is said to consist of two sandy members with a shale bed between. 
This formation has no diagnostic fos^Is. A coal seam occurs ih tiiis 
formation and the formation is considered non-marine. In the Lloyd- 
minster wells the sand beds near the *top of the well are tentatively 
assigned to the Ribstone Creek and the overlying shales tO the Grizzly 
Bear. Both the sandstone and shale appear to be of marine origin. 
Whether or not these beds are prcqierly correlated may be considered 
uncertain by the author. 
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Study of the micro-fossUs in various wells in Alberta seems to indicate 
that a species of Foraminifera which resembles HaphphragmouUs rugosa 
Cushman and Waters is very common in the beds assumed to belong 
to the Grizzly Bear formation. This species is also common in a marine 
zone in the base of the Foremost in southeastern Alberta and it seems 
probable that this horizon extends into southeastern Alberta and south- 
western Saskatchewan, at least, and as far north as Lloydminster. 
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ON SOLENOPORA COMPACT A (BILLINGS) AND THE NEW 
VARIETY SOLENOPORA COMP ACT A OUAREAUENSIS 

By Madeleine A. Fritz 

Royal Ontario Museum of Palaeontology 

In 1862 Billings^ described from the Black River formation of 
Paquette rapids, Ontario, under the name of Solenopora compacta, a 
fossil consisting of small sub-globular masses one to two inches in di- 
ameter with an apparent concentric and compact lamellar arrangement. 
Since the lime that this fossil was first reported many views have been 
expressed with regard to its systematic position. Originally it was 
considered to be a stromatoporoid. later a coral, and then an alga. 

The extensive synonymy given for this species by Nickles and Bassler* 
will indicate the confusion of ideas and the uncertainty of opinion con- 
cerning the exact affinities of this widespread Middle Ordovician form. 
For instance, listed under S. compacta are: S. compacta minuta Ami; 
S. paquettiana Ami; Tetradium peachii Nicholson and Ethridge; 5. 
spongioides Dybowski; Actinostromatrentonensis WeWer; and S. compacta 
trentonensis Brown. Recently Bassler added still another variety, 
5. compacta cerebrum.* 

It is quite possible that a careful study of the type specimens used in 
the diagnosis of the various species included in the so-called 5. compacta 
would reveal the presence of several unrelated species and possibly even 
different genera. The writer came to this conclusion after examining 
thin sections among the collections of the Geological Survey of Canada 
at Ottawa labelled 5. compacta from Ottawa, Murray Bay, Quebec, and 
Lake Winnipeg, Manitoba; 5. paquettiana from Ottawa; and Tetradium 
peachii from Scotland. 

A conspicuous feature of these sections is the presence of structures 
resembling septa which suggest coralline relationships. These structures 
vary in character and abundance in the different sections as will be 
noted in the table on the following page. 

In considering the specimens represented in the foregoing table it is 
thought possible that numbers 1 and 3 from Ottawa and Lake Winnipeg, 
where septa-like structures are well marked in tangential sections, may 
represent a stage in the develi^inient of a coral in which fission went on 
very rapidly, Le., where growth was active. Typical vertical sections 
of this form show crenulated tube walls. 

Number 2 from Murray Bay, where septa-like structures are prac- 
tically absent, may represent a resting stage in the development of the 
ciriony. Here walls of the tubes in vertical section are decidedly crenulate 
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Species 

/ Locdlity 

/ Characteristics 

1. S. compacta 

Ottawa 

Septa-like structures well marked, suggesting 
frequent division of tubes by fission. 

2. .V. compacta 

Murray Bay 

Septa-like structures almost absent. 

3. compacta 

Lake Winnipeg 

Good sept a-1 ike structures present. 

4. S. paquettiana 

Ottawa 

Incomplete tube walls which resemble septa. 

5. Tetradxum peachit 

Jicotland 

Incomplete tube walls as in 5. paquettiana 


(PL III, fig. 3). In this specimen also large groups of smaller, more 
regular tubes are present that resemble maculae. 

The other two specimens, numbers 4 and 5, differ in that the septa-like 
structures appear to be due merely to the incomplete nature of the tube 
walls. 

In 1931 W. A. Parks^ recorded 5. compacta from several horizons in 
the Black River formation exposed along the Ouareau river near Joliette, 
Quebec. V. J. Okulitch® later confirmed its occurrence. An examina- 
tion of Professor Parks’s collection has led to the present study and to 
the establishment of the variety 5. compacta ouareauensist a description 
of which follows: 

Solenopora compacta ouareauensis var. nov. 

Plate III, Figures 1 and 2 

External Features. — Irregular-shaped, compact, nodular masses as 
much as 35 mm. wide and 25 mm. high. Surface smooth. Concentric 
lines at regular intervals show distinctly on worn surfaces. These may 
be interpreted as successive stages of growth. Internal Features . — 
Tangential sections indicate an abundance of minute floriform tubes 
about thirteen of which appear in the space of 1 mm. The tubes, 
originally sub-angular, arc rendered floriform by the development within 
them of structures that resemble septa. Tubes, which would seem to 
be mature, have six sides and three septa. All stages in the development 
of the organism, however, may be seen down to the earliest stage with 
exceedingly small angular tubes and no septa. Other stages show a 
meandering condition in which the tube walls are incomplete and in 
which adjacent tubes tend to merge. 

Such a combination of features suggests a coral where growth takes 
place by fission. The sections under discussion resemble the genus 
Tetradium except for the exceedingly minute size of the tubes. The 
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meandering effect suggests the Chaetetes radians group of corals of the 
later Palaeozoic. Here again the small size of the tubes distinguishes 
the present form. Owing to the extremely small size of the tubes it is 
not easy to follow with accuracy the internal structures by means of 
serial sections and, therefore, the true nature of the so-callcd septa 
cannot be determined with any degree of certainty. 

In addition to the above-mentioned characteristics tangential sections 
display here and there groups of special tubes which arc more elongate 
and which tend to radiate. 

Vertical sections show tubes with straight walls of a uniform thicknc'ss 
in which tabulae are sparingly developed. The tubes increase in size 
gradually from the initial portion. In the early part of the growth at 
least twenty-six can be counted in the space of 1 mm. whereas later only 
half that number appear in the same space. Figure 2, where two growth 
stages are superimposed, clearly illustrates this point. 

This new variety differs from typical 5. compacta (1) in the larger size 
of the tubes, (2) in the straight, non-crenulate walls and (3) in possessing 
fewer tabulae. 

Remarks.’— The algal nature of Solenopora is agreed upon by many 
students. The septa seem to resemble most closely those found in 
the genus Tetradium which genus has itself been considered by some to 
be an alga, though recent studies by Okulitch do not favour such an 
interpretation.® 

Pia^ regards Solenopora as an alga and includes it in a special family, 
SolenoporaceaCy but draws attention to its doubtful algal nature. He 
mentions Pcelincev as advocating a position with the tabulate corals. 
But since the tabulate corals are now considered to be an unnatural 
class such a suggestion is of little significance. Solenoporoy however, 
may fit into one of the many short-lived groups formerly included in 
the Tabulata. 

The present study does not throw any further light upon the biological 
affinities of the species but it has been thought desirable to record the 
special features displayed by the Ouareau river form for it is only by 
understanding the variations within the species that we can ultimately 
hope to reach a more definite conclusion as to the natural relationships 
of this very common fossil organism. 

Coiypes, 23356. Royal Ontario Museum of Palaeontology, Toronto, 
Ontario. 

Occurrence. Black River limestone, Ouareau river, near Joliette, 
Quebec. 
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DESCRIPTION OF PLATE III 

Figure \,-Soknopora compacta ouareauensts Fritz var. nov. Vertical section X 33. 
Cotype Royal Ontario Museum Palaeontolc^ showing two growth stages in which the 
tubes have straight walls and few tabulae. 

Figure 2.Solenopora compacta ouareauensts Fritz var. nov. Tangential section 
X 33. Cotype Royal Ontario Museum Palaeontology showing septa*like structures in 
the regular tubes; also, groups of elongate, radiating tubes. 

Figure B,Solenopora compacta (Billings). Vertical section of specimen from 
Murray Bay, No. 878 Geological Survey Canada, Ottawa, showing crenulated tube 
walls and few septa. 
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1. Introduction 

During the last few years, plantations of red pine at several localities 
in southern Ontario have suffered intermittently from epidemic foliage 
maladies of novel character and unknown etiology. The first of these, 
which was called “needle blight” affected the lower part of the needles 

161 


a 



162 


Transactions of the Royal Canadian Institute 


of the current season, within the sheath of scales, where it caused 
decay leading to a conspicuous and characteristic crooking of the whole 
short shoot, and eventually to its death. The second, which was called 
“late fall browning", occurred later in the season and induced a remark- 
ably sudden and severe browning of the foliage. Again only the shoots 
of the current season were involved, but so intense was the incidence 
that affected plantations appeared as if they had been run through by 
fire. 

When first encountered in Ontario these maladies were the cause of 
considerable apprehension and puzzlement. Their very novelty and 
evident epidemic characteristics could not be regarded lightly, and no 
pertinent account could be found in phytopathoJogrical literature. The 
injury, whether on account of blight or browning, was sometimes 
severe and, if recurrent, threatened ultimately to bring about the death 
of trees attacked. Experience has not borne out the gloomy prognosis 
originally entertained, but it has shown that this fortunate eventuality 
was due to the operation of a natural control factor heretofore unknown. 

A relation between needle blight and late fall browning was not at 
first suspected. Each disease, when typically developed, presented 
distinct and characteristic symptoms which were displayed at definite 
and separate times. A common causal circumstance has been discovered, 
however, in the ovipoHting of a gall midge, from which initiation 
divergent courses of development lead to one or other of the above. 

The following pages comprise a report of investigations of these 
virtually unknown maladies. True, gall midges have long been known 
to infest conifers, though none have been reported heretofore on red 
pine; but the pathological and epidemic phases of forest infestations by 
these insects have received scant attention. Thus the association of 
fungus with insect in pathogenesis, as ih the case of the needle blight 
herein described, has scarcely been suspected. Again the importance 
of midges as forest pests is commonly assessed as slight. In the light 
of the investigations presently reported, it seems that this opinion may 
be justified only on account of the existence of parasitism of which we 
have been ignorant. 

An elucidation of forest diseases involves the determination of their 
cause and course of development, and a demonstration of the basis of 
control. In connection with the etiological studies later described, it 
has been necessary to investigate both insect and fungus pathogens, and 
a considerable bulk of entomological and mycological papers has been 
reviewed. From these, matter immediately pertinent to the present 
work has been incorporated therein; but a larger amount of merely 
related matter has had to be excluded. Sufficient titles have been entered 
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in the bibliography to fadlitate reference to an extensive and varied 
literature on Pullularia puUulans, and to sonic ot the init>ortant taxo- 
nomical and biol(^ical studies of gall midges. 

2. Important Literature 

The diseases of the red pine here discussed have already been noted 
in phytopathological literature (12) (25) but no adequate account of 
them has been published. There exists, however, a small body of 
knowledge pertaining to forest epidemics caused by, or associated with, 
gall midge infestation of pines other than Pinus resinosa. In Europe, 
foresters have long been familiar with certain gall midges as forest pests, 
and accounts of them have been embodied for many years in the standard 
forest literature of Germany (27) (37). The most important sp<*cies 
there are apparently Diplosis pint De Geer, which causes swelling and 
resinosis in the twigs of pines and Tkecodiplosis brackyntera, which 
infests the short shoots causing stunting and basal swelling of the 
needles and defoliation. This insect was studied by Eckstein (15) in 
Germany, and more recently by Sm61ak (39), who descrilied extensive 
browning of forest plantations in Czechoslovakia. Tubeuf has given 
the results of his own studies of Diplosis pint De Geer and other midges, 
and has reviewed the work of others in an important series of publi- 
cations (42), (43), (44), (46). 

A widespread and novel epidemic of pine browning was no(ed by 
Eckstein in 1930. He was at first unable to specify its cause. Butovitsch 
(10) published an account of a similar phenomenon and attributed it 
to a gall midge larva which he found in the foliage. He thought it 
differed from the well-known Thecodiphsis brachyntera. Prell (36), in 
the following year, described the malady as novel and thought too that 
it was caused by a gall midge which he named Cecidomyia Baeri from 
the larva alone, in the belief that it was a new siiecics. He sjiecified 
differences between this insect and Tkecodiplosis brachyntera and 
described the effect of each on its host. He applied the cognomen 
"Nadelknickende KicfemgallmUcke” to the Th. Baeri larva and “Nadel- 
kurzende Klefemgallmtlckc" to that of Th. brachyntera. Tubeuf (44) 
speculated on the r61e played by an unidentified fungus which he found 
associated with the disease. He called the trouble “Krtickstockkrankheit 
der Kiefemkurztriebe durch Cecidomyiose.” 

For most of the knowledge of American gall midges we are indebted 
to Felt, but as he himself has pointed out (18) there is very little infor- 
mation on these insects as forest pests. A few papers and published 
notes refer to species infesting pine foliage, and the dam^e they cause. 
Snow and Mills (40) studied the browning and defoliation of Pinus 
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radiata in California, caused by a gall midge which they described and 
named Diplosis pini-radiatae. An account of their work was published 
aftei Mills’s death. Burke (10) recently referred to this insect under the 
name Thecodiplosis pini-radiatae as a serious pest. Peirson (34) noted 
widespr<*ad bro^\ning and subsequent defoliation of white pine in Maine 
which he attributed to the work of an unidentified gall midge larva. 
F'elt (23) recently observed extensive and, at first, “mysterious” needle 
browning of white and Scots pine in Connecticut, due to a gall midge 
which h(' named Cecidomyia {lionida) pinifoliae. Reference w^as made 
later to th(' work of this insect by Felt and Bromley (24). In 1939 a 
preliminary account by Haddow^ and Adamson (25) called attention to 
the diseases w^hich are the subject of this paper. The opinion w^as 
expressed then that a gall midge caused “late fall browming” but that 
typical “needle blight” w’^as due to infection by a fungus, Pulluhria 
pullulans, following oviposition by a gall midge. The same year, Davis 
et al. (12) published a paper describing “needle droop” of red pine, 
observed in the lake states and elsew^here. The cause of the disease 
was not specified; but from the excellent written and photographic 
evidence given, Mr, Adamson and I were of the opinion that “drcKip” 
was the same as our “needle blight”, an opinion confirmed by the 
examination of specimens which Dr. Davis kindly sent. 

3. Distribution and Importanc e 

Needle blight and late fall browning were detected at Midhurst, 
Ontario, in 1932. Since then they have been seen at various localities 
in Simeoc, Durham and Metoria Counties, in plantations of red pine 
(Pinus resinosa Ait.) from five to twenty years old. According to Davis 
etal. (12), “needle droop” (which I have diagnosed as “needle blight”) 
was first observed in Minnesota, Wisconsin and Michigan in 1935. In 
1936 it occurred in a nursery in Maryland and in 1937 in a forest 
plantation in Massachusetts. 

Observation in southern Ontario indicates that “needle blight” and 
“browning” as here understood are strictly of the red pine; for in 
plantations of mixed pines, only the red suffered. Similarly, pure 
plantations of white, Scots, and jack pine have remained completely 
unaffected, while contiguous red pine plantations suffered severely. 
Davis et al. reported that species other than red pine occasionally 
suffered a condition resembling “droop”. Thus, white pine was occasion* 
ally affected in the lake states, and in the Pacific Northwest, ponderosa 
pine sometimes displayed the symptoms. Prell (36), Tubeuf (44) and 
Sm61ak (39) have described and illustrated a “droop” of Scots pine 
foliage in central Europe, which is comparable with what occurs here. 
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Whether in these several instances the etiology is precisely the same is 
questionable. 

According to my own observations, no mortality has been suffered 
in Ontario on account of blight or browning. Most of the plantations 
in which the diseases have been seen, however, have been from ten to 
twenty years old. Such trees arc less susceptible to killing by these 
diseases than younger ones, on account of their relatively smaller 
proportion of current season’s foliage, which alone is attacked. Davis 
et al. reported serious mortality among young trees on account of droop. 
Some three and four year old plantations were almost completely 
destroyed, and the loss among affected trees less than six feet in height 
amounted to as much as forty percent. Larger trees suffered little if 
any mortality. 

The injury to the current season’s foliage is often very great. At 
Midhurst, the loss has been as much as seventy-five percent. It is 
obvious that reiieated defoliation to such an extent could not be tolerated 
for many years. Only the non-recurrence of severe blight or browning 
has saved the plantations from serious mortality. These diseases are 
therefore potentially dangerous, and if introduced in the absence of 
controlling agencies would prove to be very destructive. 

4. Symptoms 

(a) General Characteristics 

Needle blight and late fall browning of red pine arc diseases of 
plantations having been observed as epidemics only in close, even-aged 
stands, mostly ten to twenty years old. They have not been seen in 
the natural forests in Ontario, though isolated large native pines standing 
in a severely browned plantation were recently found diseased. In 
extensive plantations, affected areas are commonly more or less circular 
in shape and such zones have comprised as much as fifteen or twenty 
acres, though usually they have been of smaller size. 

The intensity and the relative importance of each type of disease 
have fluctuated greatly from year to year. Needle blight has been most 
prevalent in wet seasons, — in fact its onset has always been associated 
with rainy weather, while late fall V)rowning has been favoured by dry 
ones. Thus, in the notably hot and dry sc*ason of 1936 , needle blight 
was almost completely absent at Midhurst, but late fall browning was 
prevalent and remarkably severe. Needle blight has been detected by 
its field symptoms as early as the latter part of July but has usually 
appeared in August. Fall browning, on the other hand, reaches its 
maximum intensity after the middle of October, and may not become 
apparent at all until early in that month. 
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(6) Needle Blight 

In a plantation suffering an epidemic of needle blight over half the 
foliage of the current season (which alone is susceptible) may be affected. 
Both needles of the short shoot are involved, though rarely one may 
remain green temporarily. The needles are of normal or nearly normal 
length, but are sharply bent or hooked within the sheath of scales, the 
whole forming a crook, in which habit they hang until abscissed and 
cast. (Fig. 1, Plate IV; Fig. 10, Plate V). Normal needle fall, which comes 
from the inner (proximal) position on the boughs, passes in the main 
directly to the ground without much interference, but the blighted 
ncedl<*s falling from the distal shoots are intercepted and tend to 
accumulate^ on the green foliage below. The tendency is aggravated 
on account of the crooking of the needle pairs, for such are easily caught 
and are retained very i:>ersistently. Thus, a blighted plantation exhibits 
a remarkably untidy appearance, the terminal shoots spike-like through 
loss of foliage, with awry needles attached, and the !)oughs littered with 
fallen hooked fascicles. The burden of needles on the ground beneath 
the trees is of course unusually heavy. With the spreading of new foliage 
the following spring, the damage is surprisingly well masked, and it will 
scarcely be detecti'd by a casual observer. Within the individual 
tree, blight is distributed very uniformly, but with slightly heavier 
evidenc(‘ towards the top. There too, the disease is more conspicuous 
than below, on account of the greater length of the shoots which, for 
the same loss of foliage, look more barren than do those lower down on 
the tree. On a single shoot the loss is greater from the lower part, 
which, in fact, is often completely bare. Towards the top at least a few 
fascicles persist, and commonly just below the buds enough remain to 
give the shoot a tufted appearance. (Plate 1, Fig. IV). Wherever blight 
has occurred repeatedly, the crowns present a very sparse appearance, 
on account of the loss of foliage from the long shoots of several years. 
There is evident, loo, a dull cast to the trees over the whde affected 
area, which is due to the darkening of accessory foliar parts by the 
mycelium and sjxircs of the fungus Pidlularia puUulans. This organism, 
normally not uncommon, has become epidemic and can be found in 
great abundance on bud scales, needle deaths and bracts supporting 
the short shoots. The long deciduous tips of these, which give to the 
new shoots their chaffy appearance in the spring, become recurved and 
darkened to an unusual degree, and often bear smalt fungus fructifi- 
cations. In wet weather the sugary exudation of resin on the buds, 
and the fimbriated margins of bud and sheath scales become darkened 
over with a superficial growth of the fungus. 

In such plantations there is commonly a good deal of extra-seasonal 
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growth. One or more of the side buds of the terminal cluster may break 
in the summer or fall and produce fall shoots a few inches in length. 
Many of these die within a year, without having fully expanded their 
foliage, but some persist and lead to a forking of the stem, either simple 
or multiple. Such deformations, however, rarely endure for many years. 
The tendency to centric growth is very strong in red pine in close 
plantations, and dominance is soon regained by one or other of the 
competing leaders. This was shown in the examination of a plantation 
which had been badly needle-blighted five years earlier. At that time 
the trees had developed many “precocious** shoots, but, when examined, 
less than two percent of them appeared likely to suffer permanent 
forking. Extra seasonal growth and forking in red pine as here noted 
was described by Jump (28) who siifegested that a growth hormone from 
the fungus Dematium pullulans (^Pullularia pullulans) might be the 
cause of it. It may be remarked that “precocious** shoots often produce 
threc-needled fascicles. Many of these were found in the blighted 
plantations at Orr Lake. 

If, from the hooked fascicle of a blighted short shoot, the scales 
surrounding the needles are carefully removed, the injury may be 
examined. The lesion, which is at the curvature of the hook, is dark, 
necrotic and resinous, and involves meristematic or young tissue which 
is normally still soft and white. It may be almost a centimetre long. 
Below is a length of the youngest leaf tissue, which is not involved but 
which dies as a result of the partial or complete abscission of the short 
shoot. Above the lesion the needles gradually die and brown. As a 
result of infiltration of resin, the necrotic zone becomes brittle and it 
is then only with difficulty that the covering scales can be removed 
without breaking the needles. 

In the fall (and particularly in the spring on overwintered material) 
small black erumpent sclerotia and anostiolate pycnidial fructifications 
of PuUularia pullulans (de Bary) Berkhout are borne on or at the 
margin of the lesion. This fungus is regularly yielded in culture by 
tissue removed from that region. Microscopic examination reveals the 
fungus massed in the mesophyll of the leaf. The vascular and transfusion 
tissues within the endodermal sheath, and the epidermis and h 3 rpodermal 
cells are largely free of it. Many of the latter, however, are discoloured, 
and a few harbour hyphae, as do occasional xylem elements. On the 
accessory foliar parts, the fungus occurs both superficially and internally. 
Hy|:^e in the lumina of the tracheid elements of sheath and bud scales 
run lengthwisei passing through pits to make H connections with 
parallel hyphae in adjacent cells. Uni- and multi-cellular spores occur 
singly, in small clusters and in dark compact masses. It has been 
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observed that from these and from the hyphal cells in situ bud spores 
(biastospores) are produced freely in nutrient solution, filling the lumen 
occupied by the mother cell. 

Over a period of several years I have observed that, if the onset of 
needle blight is delayed, its symptoms approach those of the late fall 
browning to be described. This circumstance is related to the degree 
of maturity of the needles and hardening of their bases at the time of 
infection. Typical needle blight (droop) can occur only when they are 
still succulent, and capable of further growth. Thus, needle blight first 
detected in the last week of August remained atypical throughout the 
rest of the season. Few of the short shoots were well hooked, though 
many were bent very close to their bases. The needles browned and 
died throughout their length, but fhe necrotic zone inside the sheath 
was restricted to a very short basal section. 

(c) Late Fall Browning 

In its epidemic characteristics late fall browning resembles needle 
blight, though it occurs later in the season. The suddenness and intensity 
of its appearance are sometimes very remarkable. Within a few days 
whole plantations have changed from normal appearance to one as if 
they had been run through by fire. 

The disease causes the death of needles which brown rapidly from 
the base upwards. Over seventy-five percent of the foliage of the current 
season may be involved. Browned needles retain their normal habit on 
the parent shoot and do not show the crooking characteristic of blight. 
An examination of the lower part within the sheath reveals no con- 
spicuous necrosis and no exudation of resin, but in the late fall a hand 
lens will disclose a small cavity at the fused bases of the needles (Fig. 8, 
Plate V). If the examination is made earlier, just before the needles are 
browned and dry throughout their entire length, a minute reddish 
legless grub may be discovered conformably disposed in the cavity. 
Later the larva migrates outward and, tightly compressed between the 
needles and the sheath, sometimes causes a conspicuous lump thereon. 
An occasional tattered exit hole indicates an unusual means of escape. 
Most larvae proceed to the distal end of the sheath and drop to the 
ground. 

Long before browning actually takes place it is possible to detect 
the incipient conditions. The egg of a gall midge can be exposed by 
careful dissection of an infested short shoot under a binocular microscope. 
In mid-June eggs were found between the innermost scales, near the 
base of the needles,— spherical, opaque, almost colourless bodies, becom- 
ing ull orange with age. On July 2Ist a young larva was seen on the 



Needle Blight and Fall Browning of Red Pine 


169 


adaxial face of a needle base, close to the margin. It was appressed 
against a tiny papilla of tissue which had a viscid appearance. 

Infested short shoots, still green, were collected in early September, 
and after being fixed in formalin-acetic-alcohol, their lower ends were 
embedded in paraffin, and cut serially on a sliding microtome. The 
sections were stained in safranin and light green. In these preparations 
the body of the infesting larva was seen in a position parallel to the 
needles at a level opposite the growing point between them. It lay 
between the innermost scales, ventrally against the abaxial face of a 
needle. Its anterior end (which was lowermost in position) rested below 
the point of division of the vascular supply to the needles in an enlarged 
cup-like cavity at the junction of scale with axis, as shown in Fig. 14, 
Plate VI. Mid and fiosterior sections of the larva in situ arc shown in 
Figs. 15 and 16 respectively. There were no signs of fungus infection 
in the host or of abrasion caused by mouth parts or “breastbone’* of 
the larva. The extra vascular leaf tissue was grossly deformed, a peri- 
pheral layer adjacent to the larva being dead and flattened, apparently 
the result of friction or pressure. Occlusions of wound gum in many 
cells and large intercellular cavities or cysts indicated that the tissue 
was traumatic. In the side of the short shoot opposite that against which 
the larva lay, there was a distinct hypertrophy of the transfusion tissue, 
and a modification of the character of its component cells. The latter, 
besides growing to about twice their normal size, became sharply angled 
in transverse section, and developed well-defined bordered pits, thus 
showing clearly their tracheidal nature. This growth was reflected 
slightly in the external contour of the needle base (Figs. 15 and 16) 
and might be considered an incipient “basal swelling”. 

In examining short shoots in June and July with the aid of a binocular 
dissecting microscofie of about thirty diameters magnification, minute 
wounds were often found in the soft basal part of the needles. To 
demonstrate these wounds, a suspected short shoot should be detached 
intact and cut through transversely immediately below the point at 
which the needles are fused. The pair can then be withdrawn and 
bared of any adhering scales. The wounds cause an interruption of the 
smooth contour of the needle bases, which is evident w^hen the parts 
are viewed under strong light from a lateral source. An actual incision 
is visible as a minute yellowish stained slit. This is surrounded by a 
pale sodden zone, which may be half a millimetre in diameter. On a 
single needle, numerous wounds were found on both adaxial and abaxial 
surfaces. The marks were always close to the base, none being more 
than four millimetres therefrom. They were made by the ovipositor 
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of a hymenopterous parasite of the gall midge while engaged in vigorous 
and repeated probing for the hidden larva of its host. 

It may be noted here that plantations infested by gall midges became 
conspicuously decked with spider webs, most of which probably belonged 
to a single unknown species. The webs were spun lightly over the pine 
shoots and caught both midges and their parasites. 

5. Etiology 

I. The Call Midge 
(a) General Account 

Gall midges or gnats {Cecidomyiidae) arc small Dipterous insects com- 
prising a large family of very delicate flies with characteristic antennae 
and simple wing venation. The larvae are legless maggots, most species 
having a bifid chitinous process in the anterior ventral part of the body 
known as the "breastbone” or “anchor process’ (13). They are mostly 
phytophagous, fsome are mycophagous) and many (though by no 
means all) cause galls in their hosts. Gall formers are often housed in 
their galls until they emerge, by various means, as adults; other larvae 
leave the host to pupate in the ground. A high degree of host specificity 
is characteristic of the family as a whole. 

Among its members arc some well known and exceedingly destructive 
pests such as the Hessian fly and the wheat midge, which are capable 
of causing immense damage to cereal crops. 

The classification of the Cecidomyiidae is based very largely on the 
characters of the adult male. Felt (22) has given a detailed key to the 
genera of the family, under the name Itonididae. The genus Thecodiplosis 
(to which specimens of the red pine midge were tentatively assigned 
by Dr. Felt) was instituted by Kieffer (29) who selected Schwagrichen’s 
Cecidomyia brachyntera as the type species. Felt (20) gave descriptions 
of eight American species of Thecodiplosis, one of which had a pine as 
host. 

The following is a list of the gall midges which have been reported 
as infesting the short shoots or needles of pines in America, and their 
hosts- 

Gall Midge Host 

Dicrodiplosis gillettei Felt Finns rigida Mill. 

*Cecidomyia pinirigidae Pack. “ “ " 

^Diplosis pini-inopis O.S. Finns virginiana Mill. 

*Diplosis brachypteroides O.S. “ “ “ 

Cecidomyia sp. Finns ednUs Engl. 

Finns monopkyUa Torr. 
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Thecadiplosis cockerelli Felt 
Janetidla coloradensis Felt 
Xlionida pinifoliae Felt 

Thecadiplosis pinuradiatae Snow and 

Mills 


Pinus edulis Engl. 

Pinus virginiana Mill. 
Pinus Sirobus L. 

Pinus sylvestris L. 

Pinus radiata D. Don. 
Pinus muricata D. Don. 
Pinus sabiniana Douglas 
Pinus coulUri D. Don. 
Pinus sylvestris L. 


Of the above, Dicrodi plosis gillettei, Thecadiplosis cockerelli and 
Janetiella coloradensis cause well-marked characteristic swellings at the 
base of needles of their hosts. Other species cause a less conspicuous 
hypertrophy, accompanied by stunting and twisting or bending of the 
needles, followed by death and browning. This is the type^ of injury 
which Thecadiplosis pini-radiatae causes in Pinus radiata as described 
and illustrated by Snow and Mills (40). It is similar to that which 
Thecadiplosis brachyniera often causes in the Scots pine, as described 
and illustrated by Tubeuf (43) and others. Tubeuf showed however 
that the abnormalities induced by that species were quite variable, 
particularly the amount of stunting and gall formation. It is note- 
worthy that Snow and Mills also reported a puzzling instance in which 
an infestation said to have been by Thecadiplosis pini-radiatae did not 
induce the usual symptoms. Although the needles browned and died, 
they were neither stunted, nor swollen at their bases. The injury to 
white pine, caused by Itonida pinifoliae, as described by Felt and 
Bromley (24) was of this character, and the late fall browning of red 
pine corresponds closely. 

There remains the type of injury described by Prell (35) and called 
by Tubeuf (44) ‘‘Krilckstockkrankheit.*’ It is characterized by a sharp 
bending of the needles within the sheath of scales, and a crooking of 
the whole short shoot. The similarity of this malady of the foliage 
of Scots pine to needle blight or “droop” of red pine cannot be over- 
looked, and suggests a common etiology. Such, in fact, is believed to 
exist, but in the sequent fungus infection rather than in the identity 
of the insect pathogens. Tubeuf himself noted the presence of a fungus, 
(which he illustrated in photograph) on the needle bases. He did not 


^According to Felt (18) one or both associated with needle stunting and basal 
•wellidg. 

fAccording to Osten Socken, possibly the same as Diplosis pint De Geer, 
According to Williams (46) D. pini-inopis^^Cecidoinyio resinicola; attacks the 
needles. 

(According to Felt (15) possibly the same as Thecadiplosis braehyntera SchwSgr. 
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identify it (other than as one of Allescher’s Sphaeropsideen) but sug- 
gested that perhaps it was concerned in the cause of ‘'crook disease*'. 
There can be little doubt that the fungus shown was Pullularia pullulans, 
and that “KrOckstockkrankheit** of Scots pine is closely analogous with 
“needle blight” or “droop” of red pine. 

Until critical comparative studies have been made it will not be 
possible to give a specific diagnosis of the red pine gall midge. Such 
studies will necessarily be based on the examination of a number of 
adult males and females, together with the immature stages of this and 
closely related forms. It is undoubtedly close to Thecodiplosis pint- 
radiatae Snow and Mills, and Th, brachyntera Schw^gr. The following 
description of an adult female, reared from a larva taken from red pine 
foliage, is offered for general typification : Total length extended about 
4 mm ; antennae, 1 mm ; head and body, less ovipositor, 2.6 mm ; antennae 
lightly haired, segments about 100 microns long and 40 microns wide at 
the slightly waisted basal part, the narrower vase-like neck about one 
quarter the length of the whole; abdomen uniformly reddish orange; 
ovipositor paler, yellowish, rather conspicuously haired, with fine erect 
bristles; terminal segment bilobed; wings rather closely marginally 
haired at first, becoming smooth; legs haired at first, becoming smooth; 
claws simple strongly curved. A larva, taken from red pine foliage in 
October was as follows: Length 2.75 mm; width 0.76 mm; colour reddish 
orange; body smooth, segments inconspicuous; breastbone dark brown, 
slightly expanded and darker in colour at the forward end, with a 
simple bifurcation. 

(b) Life History and Habits of the Red Pine Gall Midge 

At the time of the onset of browning in the fall, the larvae of the 
gall midge are still in the short shoots, as may be demonstrated by 
dissection or other means. If infested short shoots taken at this time 
an* placed in an open box in a refrigerator at about 40^* F. the larvae 
will begin to come out after a few days. What induces this migration 
is not known but in the field it begins before the needles have become 
thoroughly dry; no living larvae have been found in shoots of which 
the needles had become brittle. Periodic examinations at Midhurst and 
Orr Lake in 1939 indicated that many of the larvae left the trees by 
the middle of October, and that most of them had gone by the middle 
of the month. (Table No. 1.) On emerging from the sheaths they 
fell to the ground and then moved downward through the humus layer 
into the mineral soil, in which they came to rest at a depth of an inch 
or less. 

Soil was taken for examination in mid-November from beneath a 
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plantation which had been heavily browned. The litter and humus 
layer were stripped off and examined separately. The mineral soil was 
of rather fine sand and silt, containing some gravel. It was partially 
dried and screened. Eighty percent of it was discarded, comprising 
thirty per cent which was retained by a 1/8 inch mesh and fifty percent 
passed by a 1/32 inch mesh. Twenty percent of the whole, retained by 
the 1/32 inch mesh, was spread thinly on a large sheet of white paper 
and examined with a suitably mounted reading glass. Four samples, 
each representing one square foot of plantation surface taken to a 
depth of one and a half inches yielded six, nine, ten and thirteen gall 
midge larvae respectively. None was found in the litter or humus. 

TABLE No. 1 

Examination of Fall Browned Short Shoots 


Locality 

Date 

1939 

No. 

Examined 

No. with 
basal cavity 

No. containing 
Gall Midge Larvae 

Orr Lake Forest 

Ort. 10 

50 

50 

(Living) 

44 

(Dead) 

2 

ii 44 14 

Oct. 18 

50 

50 

36 

0 

it 4 ( 4 4 

Oct. 31 

50 

50 

20 

0 

44 44 44 

Nov. 11 

50 

50 

0 

0 

Midhurst 

Oct. 14 

108 

108 

27 

0 


Oct. 16 

100 

100 

0 

3 

1 i 

Nov. 17 

72 

72 

0 

0 


In the spring, the gall midge emerges as an adult. This was shown 
directly by trapping in an infested plantation. In early May a metal 
wash tub, in the bottom of which several one inch circular holes had 
been cut, was inverted on the ground and the rim packed lightly with 
soil. Over each hole was placed a small tin funnel which was fixed to 
the tub with plasticine. The stem passed through a cotton plug into 
a wide-mouthed Ehrlenmeyer flask. Two gall midges and five chalcid 
fly parasites were taken from these traps on June 5th. 

The time of emergence and the duration of the flight period is best 
indicated by the record of tanglefoot traps which were exposed at 
Midhurst during the season of 1939 (see Table No. 2). A sheet of oiled 
stencil paper, 8"xl0", was coated on one side with tanglefoot substance, 
rolled into cylindrical shape with the sticky side out, and mounted on 
a bamboo pole. Two such traps were set at tree height (about twelve 
feet) in a plantation which had been badly infested the season before. 
The sheets were changed daily, or at convenient intervals from early 
May till mid-July, and were examined under a suitably mounted lens. 
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Among the insects caught, gall midges were recognized with a good 
deal of certainty by their general characteristics, and particularly by 
the colour of the abdomen, which showed clearly on the sheets. In 
view of the known epidemic conditions prevailing, it is believed that 
most, if not all of the midges caught represented the species infesting 
red pine. The numerous chalcid fly parasites caught were well preserved 
and easily recognized. They were mostly PlatygasUr filicomis.* 

TABLE No. 2 

Record of Tanglefoot Traps — Midburst 


Trap No. 1 Trap No, 2 Total 


E.xp 08 ure Period Number Caught Number Caught Number Caught 
(1939) Midges Parasites Midges Parasites Midges Parasites 


May 2-24 0 0 0 0 0 0 

May 25-31 1 4 I 9 2 18 

June 1-7 13 87 15 49 28 86 

June 8-14 7 53 4 84 11 87 

June 15-21 0 16 0 11 0 27 

June 22-28 0 11 0 6 0 16 

tjune 29-July 5 0 0 0 0 0 0 

July 6-12 0 1 0 8 0 9 


Total 21 122 20 116 41 288 


In the first week of June, 1989, when adults were in flight, the long 
shoots of the red pine were still in the "chaffy" stage. Though growing 
very rapidly at the time, they had made only about half the season’s 
length. On the leader, the needles of the lower ahort shoots protruded 
only a few millimetres beyond their sheaths, while those near the top 
were still crowded and completely enclosed. The fact, that the upper- 
most short shoots arc commonly unaffected by needle blight or late fall 
browning, is to be explained by their not being readily available for 
ovi position. 

Ovipositing was observed by confining trapped females in a glass jar 
with a leading shoot of red pine taken June 1st. The midges began at 
once to adjust themselves. The body was oriented on the sheath parallel 
to the needles, with the posterior end directed downwards. The insect 
moved slowly around, probing vigorously with its ovipositor for an 
aiierture between the scales. Having gained a favourable place, the 

•Identified by Mr. C. F. W. Mueiebeck, United States Department of Agriculture. 

tPeriod of rainy weather and fog. 
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organ was thrust downwards and the insect came to rest. In its descent, 
the ovipositor parallels the needles, without penetrating or injuring 
them. The egg is laid among the innermost scales, sometimes against 
the needle itself ; but the act causes no mark or immediate injury thereto. 

In examining a large number of short shoots in June, eggs were 
occasionally found in unexpected places, as on a twig at the point of 
attachment of a short shoot, and on the fimbriated edges of the outer- 
most sheath scales. Eggs were also found singly and in clusters stuck 
to the glass of a flask in which adults had been trapped. 

(c) Rearing Experiments 
(a) Rearing from the Soil 

In late October, a bulk of top mineral soil was taken from a fall 
browned Orr Lake plantation. Sifting a sample demonstrated the 
presence of gall midge larvae therein. A number of containers in which 
the soil was placed were prepared as follows: 

Containers 1 and 2: Wooden bench flats 12"xl8"x3", each 
containing 200 cubic inches of soil. 

Containers 3-6: 6" flower pots, each containing 50 cubic 
inches of soil. 

Containers 7-10: 14" flower pots each containing 250 cubic 
inches of soil. 

The containers were lightly covered with sphagnum, sunk in the soil 
out of doors and left undisturbed until spring. On May 1st they were 
brought into the greenhouse, sunk in a sand bench and kept moist. 
Containers 1-8 were fitted with tight galvanized iron covers in which 
one inch circular holes had been cut for traps, as already described. 
Large glass funnels were inverted over the soil of containers 9 and 10, 
on the stems of which the traps were mounted. 

During the period May 27th to June 5th, ten female gall midges 
were taken. From May 16th to June 10th one hundred and thirty eight 
chalcid-fly parasites, mostly Platygaster filicornis Ashm., and a few 
Inostemma sp. were captured. A record of the trai)s is given in Table 
No. 3. 

TABLE No. 3 

Rearings From Soil in Containers 
Rearing Chamber No, 

1234. 5 6789 10 Toul 

No. of Gall Midget taken. ... 1153 10 

No. of Chaldd Flies taken... 30 51 3 8 17 7 6 4 2 10 138 
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(6) Rearing from Infested Shoots 

About 500 cubic inches of native Orr Lake forest soil were sterilized 
in an autoclave, washed in water, and placed in a large glass vessel. 
A long shoot of red pine taken October 12th, and known to harbour 
gall midge larvae was placed on the' soil surface. The vessel was covered, 
and wintered outdoors. It was brought in May 1st, fitted with a tra|) 
and wrapped in black paper. A single female gall midge and a number 
of chalcid fly parasites were taken. 

In another experiment, about a bushel of fall browned short shoots 
were taken from the trees in mid-Octob(‘r and placed in a forty gallon 
metal drum, which was left in an unheated shed over winter. In early 
spring a tight top was fitted and traps similar to those already described 
were arranged. A number of adult midges were taken, the first on May 
26th, and the last on June 15th. On opening the drum on June 20th, 
many dead adults were found, including some which were diagnosed 
tentatively by Dr, E. P. Felt as Ilyperdiplosis. 

(f) Rearing from Collected Larvae 

Many larvae were collected after they had crawled from infested 
shoots. They were kept in a box with sjihagnum in a refrigerator until 
November 11th. Five rearing chambers were then prepared as follows: 
A layer of absorbent cotton was placed in a litre Ehrlenmcyer flask 
and wetted lightly. In each flask ten larvae were placed on the cotton 
and covered with an inch of non-absorbent cotton. The flasks were 
lightly plugged and placed in a dark refrigerator at 40® F. On February 
21st, they were placed at 60® F. and on February 27th removed to the 
greenhouse and kept in the dark at a temperature which fluctuated 
from 60°-70® F. A few drops of water were added from time to time. 

In spite of the low temperature, many of the grubs became mouldy, 
and some were obviously dead by the end of the year. At that time 
there was no reaction by any of them to light pricking with a needle, 
a test which had not failed to induce movement earlier. No cocoons 
were constructed, but some larvae buried themselves in the cotton and 
gathered a few fibres about them. Others appressed themselves tightly 
against the glass. 

On March 6th two individuals of Platygaster filicornis AtAim. were 
found in one flask and on March 7th there was one in each of two 
others. The flasks were watched until April 16th, but there were no 
more emergences. 

From a consideration of the above, the known life history of the 
red pine gall midge in Ontario may be summarized as follows: The 
insect oviposits in the short shoots of the host in late spring or early 
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summer, beginning while the new growth is still in the ''chaffy*’ stage, 
stage, and continuing, probably, for no great length of time. Coincident 
and persisting for a longer time is the flight period of chalcid fly parasites. 
The gall midge oviposits near the base of the innermost scales of a short 
shoot of the current season and the eggs hatch about the middle of 
July, By the end of September the larvae are full grown and can be 
found in characteristic cavities at the very base of the needles. In 
October or later, the larvae migrate from the short shoots and fall to 
the ground, where they hibernate and pupate near the top of the mineral 
soil. The adult emerges from the soil the following spring. 

IL The Fungus Pullularia pullulcns (de Bary) Berkhout 
(a) History and Classification 

From the necrotic needle bases of red pine, short shoots suffering 
from "needle blight", a fungus Pullularia pullulans (de Bary) Berkhout 
may be regularly isolated. Before offering observational and (‘xperi- 
mental evidence in support of the thesis that this fungus is the essential 
cause of the typical needle blight condition, it will be appropriate to 
give here an account of its history and classification, and a report of 
original cultural and morphological studies. 

De Bary (3) gave the name Dematium pullulans to a fungus which 
abstricted from its colourless septate hyphae, large numbers of conidia, 
which, in turn, budded like yeast cells. In time, spores and hyphae 
passed to a resting stage, becoming thick walled, rounded and dark 
coloured; but on transference to a new medium, a resting cell would 
put forth a germ tube which again budded spores. De Bary did not 
definitely classify his fungus but suggested that it was probably related 
to Fumago or Pleospora, Following de Bary, Loew (32) published a 
much more extensive acaiunt of the fungus and its authorship is often 
ascribed to de Bary and Loew jointly. 

According to the original description, (35) Dematium Persoon 
embraced forms with erect branching conidiophores bearing chains of 
conidia laterally. Dematium pullulans can scarcely be brought within 
this definition. True, as found in nature on the usual substrata, one 
would place it in the Dematiaceae near Torula Pers. or Hormiscium 
Kuntze; but the budding phase obviously belongs in that chaotic group, 
the so-called Pseudosaccharomycetes^ along with My coderma Pers., Torula 
Turjwn, Pseudosaccharomyces Klocker, etc. An appreciation of these 
facts led Berkhout (6) to place the fungus in a new genus, Pullularia, 
which had as its primary diagnostic criterion this distinctive budding 
habit. Similarily, Lagerberg et al. (30) independently instituted Hor^ 
monema on the same basis. Believing, however, that Dematium pullulans 
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de Bary comprised heterogeneous elements, they dismissed it as invalid 
for purposes of typification; but they allowed Dematium puUulans in 
Neger’s description (33) to stand as typical of their genus. Their species 
Hormonema dematioides was said by them to be closely allied to if not 
the same as the latter. Robak (38) subsequently made the combination 
Hormonema puUulans. A synonomy may be given, therefore, as follows: 

Pullularia puUulans (de Bary) Berkhout, Dissert, Utrecht, 1923. 

Dematium puUulans (de Bary, Morph, u. Physiol. Pilze. 1866. 
Loew, Jahr. Wiss. Bot. 6, 467-477. 1867. Neger, Flora 110, 

67-139, 1918. 

Hormonema dematioides Lagerberg and Melin, Svenska Skogs Tidsk. 
26:2. 1927. 

Hormonema puUulans Robak, Nyt. Mag. for Natur. 71. 1932. 

The long and contentious argument as to the identity and relation- 
ships of this fungus is scarcely indicated by the above discussion. It 
has been adequately reviewed by Neger (33) and more recently by 
Hoggan (26), Bennett (5), Lagerberg (30), and Robak (38). The early 
claims of Laurent, Massce, and others that Dematium puUulans was a 
form of Cladosporium herbarum were shown to be false. Others have 
claimed that it had no identity but was a form of several ascomycetes. 
Bennett (5) found on wheat straw, associated with Dematium puUulans, 
an ostiolate pcrithecoid fungus which he called Anthostomella puUulans. 
Plantings made from the ascigerous fructification yielded the mycelium 
of Dematium puUulans, and in time “immature" pcrithecia were pro- 
duced in culture. Some of the isolates of Dematium puUulans which 
Bennett secured from nature showed distinct morphological and cultural 
characters, but he considered that they should all be referred to Anth- 
ostomella puUulans. 

In my own work, of the many cultures secured from red pine, none 
showed any appreciable differences. I have failed to find any ascigerous 
fructification, but in the fall and in the spring on overwintered needles 
non-ostiolate pycnidia developed. Such bodies have not been described 
in this fungus heretofore. They occurred in the black cushion-like 
sclerotial masses commonly found at the matgin of needle blight ledons, 
under the scales of the needle sheath. Small hyaline single-celled spores 
were borne on short sporophores in simple or locular cavities. Aldiough 
no organized aperature existed, spores were liberated somehow from 
such fructifications in water. 

Professor Lagerberg kindly examined cultures of the fungus secured 
from red pine at Midhurst, Ontario, and stated that it was identical 
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with the type treated by him and Dr. Meiin under the name Hormonema 
demaiioides (31) 

(6) Occurence in Nature 

The fungus is widespread in nature, and occurs abundantly in many 
substrata though chiefly as an epiphyte. Negcr (33) found it a common 
component of sooty mold on the foliage of many trees in Germany. 
In England, Bennett (5) found it as a saprophyte on decaying vegetable 
matter, and as a weak parasite on etiolated wheat seedlings. In Sweden, 
Lagerberg et al. (30) found it on live pine needles, and as an important 
blue staining fungus in pine timber. Robak (38) isolated it from cold 
ground wood pulp in chutes, from sludge on the screens, and from stored 
pulp. He said that it was one of the most active pulp staining organisms. 
Brooks and Hansford (8) found it as a mold on cold storage mc»at. 
Clifferi and Ashford (11) isolated it from lesions on various parts of the 
human body, but did not consider it pathogenic. In red pine plantations, 
it occurs chiefly on the accessory foliar parts. It is favoured by wet 
weather and becomes epidemic when associated with gall midge infes* 
tation of the short shoots. 

(c) Cultural Characters 

The fungus is easily secured by planting tissue removed from infested 
needle bases, or fragments of bud or sheath scales, or bract tips, on 
which it is growing. The agar substratum employed should be very 
soft to induce sporulation, from which pure cultures are readily 
established. 

A remarkable characteristic of the fungus is its prolific budding of 
conidia or bud spores (blastospores of the medical mycologists (14) 
directly from the hyphal cells. (Plate IV, Figs. 4 and 6, Plate VII, Fig. 1). 
This growth habit is typical of fresh isolations of the fungus from natural 
substrata when placed on soft agar, and according to Bennett (5) is 
induced by protein in the culture medium. A young culture is at first 
rather viscous, dirty white in colour, and consists largely of a mass of 
budding blastostiores with a scant growth of coarse hyaline parent 
hyphae. In a few days, the culture darkens through the increase of 
dark mycelial elements, and the gradual suppression of budding. Hence- 
forth the culture remains dark, and grows as a mycelium. Blastospores 
originate anywhere on the cylindrical wall of the parent cell* but most 
frequently near a septum. They are attached by an exceedingly fine 
connection and on release leave a small circular mark which is soon 
obliterated. (Plate VII, Fig. 1). At first rather elongate, a blastospore 
becomes more ovate as it matures (Figs. 9-11); such spores freed from 
the parent cell may themselves bud or again may form a hypha which 
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after septation begins to sporulate. Various types of dark spores and 
hyphal elements are produced in ageing cultures, and blastosporic 
sporulation is then suppressed. 

For microscopic study of germination and growth, spores were 
sprayed on agar films on slides. A series of such preparations was held 
in a moist sterile culture dish, and slides therefrom were fixed and 
stained after various intervals of time. Under these conditions the 
blastospore first swelled considerably, then commenced to elongate 
but did not produce a true germ tube. (Plate VII, Figs. 1, 2,3,4.) A dense 
margin appeared at the pt'riphcry of the cell and the central part became 
\’acuolate. Septation began to show with the first branching of the 
hypha, by which time the density against the cell wall had disappeared. 
When several radiating hyphae had been produced, blastosporic sporu- 
lation commenced. 

In old cultures, various hyphae and spore elements were found. The 
principal types were (1) branching chains of sheathed dark spore-like 
cells which were common in old water cultures (Plate VII, Fig. 19); 
(2) chains of dark spores, many bi-cellular (Fig. 5); (3) irregular chains, 
comprising waist(*d bi-ccllular elements, and narrowly ovate, asym- 
metrical cells, joined by narrow connections, grown in water (Fig. 7); 
(4) fine parallel-walled st^ptate hyphae (Fig. 6); (5) irregular forking 
chains of waisted bulbous, sf>ore-like cells (Fig. 16). Growth from the 
cells of old stagnant cultures was induced by transference to fresh media. 
Thus, emergence of a fine hyaline germ tube from the apex of a terminal 
hyphae cell was observed (Fig. 17). Again, single bud spores (conidia) 
were abstricted laterally. These conidia were larger and more broadly 
oval than the blastosporcs produced prolifically in vigorous young 
cultures, and were attached to the parent cell by a broader base (Fig. 18). 

Pullularia pullulans isolated from red pine needle blight lesions was 
grown in culture over a i)eriod of years. A series of plates of two percent 
malt agar was lightly sprayed with a suspension of freshly produced 
blastosporcs and immediately placed outdoors in a copper container in 
freezing weather. (Dec. 12th). After three weeks of unusually cold 
midwinter weather, the plates were found covered with a scant white 
mycelium which was without blastosporcs. After six weeks a few dark 
hyphae had apjieared and blastosporcs were numerous. A period of 
warm weather followed, and at the end of seven weeks the cultures 
were completely black. These plates were allowed to remain outdoors 
in their container and were inspected and tested for viability periodically. 
For three years viability was well maintained, as evidenc^ by ready 
growth from scrapings of the dried agar. During the fourth year it 
declined until at the close only one of many transfers grew. 
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III. Pathogenesis 

(a) Postulation of the Theory 

From a consideration of the symptoms, the following theory of the 
cause of needle blight and late fall browning was postulated. Both 
maladies originate following ovipositing by a gall midge within the 
sheath of scales of a short shoot of the current season. This act in itself 
causes no injury but may lead to infection by the fungus Pullularia 
pullulans, which is commonly present on the sheath scales. If infection 
takes place, progressive necrosis of the needles within the sheath leads 
to a weakening and collapse of the tissues. The development of this 
lesion, coupled with continued growth from the needle bases results in 
the short shoots bending over in the hooked habit characteristic of 
needle blight. Should infection not take place (or should it be delayed 
until growth has ceased and the needle bases have become hard enough 
to resist crooking), late fall browning at length develops as a result of 
the injury caused by the larva alone. 

{b) Late Fall Browning 

If the assumption is made that the injury at the base of the needles 
which is demonstrable in all cases of typical late fall browning is the 
cause of their death, the contention that the disease is due to gall midge 
infestation rests on proof that a gall midge causes the injury. Ample 
evidence has been brought forward to establish this claim. The salient 
points may be summarized as follows: 

1. Larvae can always be found before their migration conformably in 
the basal cavities. 

2. Adult gall midges have been reared from these larvae. 

3. The gall midges have been observed ovipositing in the short shoots. 

4. Elggs and immature larvae have been found in the short shoots. 

(r) Needle Blight 

The contention that needle blight is caused by fungus infection 
following ovipositing by a gall midge is based on deductions from field 
and laboratory observations, and by experiments which are outlined in 
the following paragraphs: 

J. Inoculation Experiments 

Many attempts were made to cause needle blight in red pine by 
spraying the short shoots with an aqueous suspension of Pullularia 
pullulans. Inoculations were made at various times from early May 
until late June. Some shoots were left exposed, others were confined 
in moist chambers. In no case did disease develop following these 
treatments. 
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In early June, a scries of experimental woundings and inoculations 
of needles in situ was made. At that time the long shoots had attained 
about half their growth in length for the year and their needles, which 
were about an inch and a half long (except near the tip where they 
were shorter), protruded a few millimetres beyond the sheath. The tree 
selected for inoculation was in a locality which had been free from 
nwdle blight and late fall browning. Four pairs of long shoots were 
chosen and twenty-five short shoots on one member of each pair received 
treatment A, while the same number on the other member received 
treatment B. The treatments were as follows: 

Treatment A A 30 gauge hypodermic needle was inserted through the 
sheath of scales so as to pierce one leaf and enter the other at a point 
near their common base, and a few drops of a concentrated aqueous 
suspension of spores of Pullularia ptdlulans were injected. 

Treatment B The same as treatment A, using water only. 

The shoots were re-examined in late September. In no case had 
typical needle blight been caused but three types of response were noted 
as follows: 

1. Healing of the wounds, with more or less normal growth. 

2. Stunting of the needles. 

3. Stunting and death of the needles with basal necrosis and invasion 
by Pullularia puUulans. 

Some needles under both treatments healed their wounds and con- 
tinued more or less normal growth, so that the wounds were carried 
outwards and were found about an inch and a half from the distal ends. 
Many of these needles were slightly twisted or bent near the wounds. 

Under treatment B, twenty-two short shoots had one or both 
needles markedly stunted. Many of these had grown little if any since 
treatment. In six of the short shoots one or both needles were dead 
and had been invaded by Pullularia pulhdans. 

Under treatment A, one or both needles in twenty i^rt shoots 
had died. All of these and several more were stunt^. None of the short 
shoots was hooked as in typical needle blight, but all the dead needles 
were infected basally by PuUularia puUulans. 

Data from these experiments are given in Table No. 4. It may be 
assumed that the mortality difference under the two treatments was 
significant, since the probability that this was so is greater than twenty 
to one.* 

♦(Value of odds derived from table of "t" in R. A. Pieher'i "Statistical Methods 
for Research Workers.") 
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From these experiments it may be concluded that Pullularia 
pullulans, even though present in great abundance on the short shoots, 
does not infect the needle bases under ordinary circumstances. On the 
other hand, the fungus is pathogenic in red pine short shoots under 
appropriate circumstances. Exactly what these circumstances are has 
not been ascertained. Direct proof of a causal relationship between the 
gall midge larva and needle blight is lacking but the evidence pointing 
in that direction is very strong. The young larva induces a slight hyper- 

TABLE No. 4 

Effect of Inoculation Treatments 


Treatment Experimental Pairs of Shoots 12 3 4 

A Short shoot mortality 5 5 7 3 

B “ 1 0 3 2 


trophy in the leaf tissue where contact is made with it, and apparently 
causes an exudation of juice which is doubtless ingested. As the larva 
grows, the pocket or cavity formed, moist as it is with nutritive juice 
derived from the injured host and the insect itself, would seem to provide 
an ideal infection court for Pullularia pullulans. In this connection, 
the stimulation which protein exerts on the budding habit of the fungus 
noted by Bennett (5) may have significance. The examination of needle 
blight lesions, which is difficult on account of the nature of the material, 
has not disclosed any trace of a larva. It is believed that in typical 
blight the larva, while still quite small, is destroyed in the development 
of the lesion. This brings to mind interesting speculations on the inter- 
relationships between epidemics of midges and Pullularia pullulans. 
That the fungus waxes and wanes with needle blight epidemics is a 
matter of observation. Can it be that it has a significance in both the 
cause and control of blight disease? 

(d) Summary of Evidence 

The evidence supporting the stated theory of the cause of needle 
blight may be summarized as follows: 

Proposition 1 : That the fungus Pullularia pullulans infects young needle 
bases within the sheath of scales, causing necrosis and typical needle 
blight symptoms-^ 

(a) Pullularia puUulans is ubiquitous wherever epidemics of needle 
blight occur. 

(b) It is constantly associated with needle blight lesions, as demonstrated 
by visual examination and recovery in culture. 

*The atsumption ii mwU that the "'typical symptoms" result from the lesion. 
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(c) It is intimately associated with such lesions as evidenced by the 
pathological anatomy. 

(d) It has been shown experimentally to possess pathogenic potentialities 
in wounded red pine needle bases. 

Proposition 2: That the occurrence of infection is dependent on infes- 
tation of the short shoot by a gall midge larva. 

(a) Needle blight does not occur, under ordinary circumstances, even 
if Pullularia puUulans is present on the sheath scales. 

(b) Infection did not follow the inoculation of short shoots by spraying 
with spores of Pullularia puUulans. 

(c) Infection followed the inoculation of wounded needles. 

(d) Needle blight has been associated with known gall midge infes- 
tations. 

1. Over a period of years, needle blight has occurred only where 
gall midges were known to be prevalent in red pine. 

2. Needle blight followed in August an infestation demonstrated 
in June by the discovery of eggs in short shoots. 

(e) In its epidemic characteristics, needle blight resembles late fall 
browning, which is known to be caused by a gall midge. 

(f) There is a continuous variation in the symptoms of needle blight 
from "typical” to an approach to those of late fall browning. 

(g) The gall midge larva infesting short shoots is known to cause an 
injury which would seem to provide a favourable infection court. 

6. Control 

A few references to the control of gall midges by direct means have 
been made in the literature. In the case of young Scots pine infested 
with Thecodiplosis brachyntera, Sm61ak (39) recommended shaking the 
withered short shoots from the trees and burning them. For gall midges 
in Monterey pine, Burke (9) advised spraying with nicotine oil emulsion. 

It is probable that the state of the weather at the time of emergence 
of adults and during the flight period is of critical importance. In a 
biological study, Barnes (2) said that the weather might be of more 
importance in the control of gull midges than their natural enemies. 
Wallengren found that successful emergence of wheat blossom midges 
depended on favourable weather. Hard rains caused the death of many 
adults on the ground. 

A few predators of gall midges have been reported. Snow and Mills 
(4) found that a mite, Pedicuioides veniricosus New. fed on the eggs, 
larvae and pupae of the Monterey pine midge, and that lady beetles 
destroyed the larvae and pupae. The ruby-crowned kinglet, too, was 
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said to feed on ovipositing females. I have already reported in this 
paper that, in infested red pine plantations, spider webs were unusually 
abundant, and were effective in catching midges. 

Among the natural enemies of gall midges, chalcid fly parasites of 
the larvae are undoubtedly the most important. A number have been 
reported from conifer infesting midges. According to Tubeuf (44), 
Zimmer and Schw^grichen reared one from the larvae of Thecodiplosis 
brachyntera which they named Ceraphron hrachynteri. Snow and Mills 
(40) found Polygonaius diplosidis Ashm. on Diplosis pini-radiaiae. 
Stabbing (41) recorded that a species of Trigonomerus was found on a 
Cecidomyiid infesting Pinus longifolia in India. Williams (46) said that 
Cecidomyia resinicoloides, a species which he described from the Monte- 
rey pine, was singularly free of parasites, but that in two instances a 
chalcid fly, apparently Syntasis diplosidis^ was reared from larvae. Felt 
and Bromley (24) reared several unidentified parasites from Itonida 
pinifoliae. 

Over a period of years, parasites have exercised a powerful controlling 
effect on needle blight and late fall browning at Midhurst and Orr Lake. 
It is evident that repeated defoliation to the extent of seventy-five 
percent or more of the current season’s foliage, as has sometimes been 
suffered, could not be supported for long. Yet, during the eight years 
that the midge is known to have been present at Midhurst, no mortality 
has been suffered in the plantations there on account of it. This is 
believed to be due to effective parasitism. 

The history of individual infestations has been that such have 
reached their year of maximum intensity before being detected. It is 
probable that a number of years of low but rapidly increasing intensity 
has actually passed in the development of any epiphytotic. In some 
instances, radial spread of disease has occurred, which could be accounted 
for by wind dispersal of adult midges. Dense local infestations might 
thus occur in previously clean areas. The season following that of 
maximum intensity of infestation has always been marked by an 
important decline; and 1 cannot recall an instance where ‘late fall 
browning” persisted noticeably for more than three years in one spot. 

At Midhurst and Orr Lake, two chalcid flics have been obtained 
namely Platygaster filicornis Ashm. and an Inostemma species tentatively 
diagnosed as Inostemma linineri. I am indebted to Mr. C. F. W. Muese- 
beck of the United States Department of Agriculture for these diagnoses. 
Of the two, P. filicornis is indubitably a parasite of the red pine gall 
midge, as it was reared from authentic material. The Inostemma sp. 
was reared from a bulk of needles in a drum container. As these needles 
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came from fall browned trees, it is highly probable that the Inostemma 
sp. is also a parasite of the red pine gall midge. 

One or both of these chalcids have been observed in the field. Platy~ 
gaster filicornis, apparently the commoner, has frequently been seen in 
flight, and has been caught on emerging from the ground. The flight 
period begins about the time of that of the gall midges, but apparently 
persists a good deal longer, as might be expected (sec Table No. 2). 
Whether ovipositing is in the eggs or larvae or both was not discovered 
with certainty, but it was going on in the field in early June when eggs 
were found in the short shoots. In 1939 some parasites were trapped in 
flight until mid-July. 

The following data from an epidemic of late fall browning which 
persisted for several years in a plantation set out in 1928, indicate the 
course of the disease and the effect of parasitism: 


Estimated Seasonal 

Year Foliage Loss Remarks 


1937 

Very little 

The disease was not detected. 

1938 

76 percent 

Plantation appeared in late fall as if 
burned. 

1939 

30 percent 

Parasites were abundant in the field in 
the spring. Conspicuous foliage loss. 
Parasites were reared in abundance 
from material collected in the fall of 
1939. 

1940 

Less than 2 percent 

In the spring parasites were very 


abundant in the field. The foliage loss 
was not noticeable. 


7. Summary 

This paper deals with needle blight and late fall browning, diseases 
of the foliage of red pine (Pinus resinosa Ait.) in forest plantations. 
The maladies may cause very severe defoliation which could not be 
tolerated for many seasons. They are therefore potentially dangerous 
but where observed in Ontario have come under natural control through 
parasitism before mortality has been suffered. A gall midge (Ceci- 
domyiid) is the initiating agent of both. Needle blight is caus^ by 
infection of the bases of the needles of mic^e-infested riiort shoots by 





Needle Blight and Fall Browning of Red Pine 


187 


the fungus Pullularia pullulans (de Bary) Berkhout. Late fall browning 
is the result of injury caused by the larva of the gall midge alone. The 
pathological symptoms are described, and the history of these and 
similar maladies in America and Europe is reviewed. A description and 
life history of the red pine gall midge is given. The adult midge emerges 
from the soil in the spring or early summer. Eggs are laid inside the 
sheath of scales, at the base of the needles of the host. In the fall, 
larvae emerge and drop to the ground where they hibernate at a depth 
of an inch or less, in the mineral soil. Chalcid flies parasitize the larvae 
of the gall midge, and are of great importance in control. Of two 
species found, Platygaster filicornis Ashm. was the more abundant. 
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Plate IV 

Fig. 1.— Needle blight of red pine, Midhurst, Ont., Aug. 6th. 

Fig. 2. — Young plantation of red pine affected by needle blight, Midhurst, Ont., 
Aug. 20lh. 

Kin. 3.— Sheath scale from short shoot of red pine infected with Pidltdaria pullulans 
(X-IO). 

Fig. 4. — Single spore colonies of PuUularia pullulans on agar (X-60). 

Fig. 5. — Tip of sporulating hypha of Pullularia pullulans from one of the colonies 
shown in Fig. 4. Some of the blastospores are still attached, others have 
been liberated (X-400). 

Fig. 6. — Sheathed spore chain and gemmae of Pullularia pullulans from water 
culture. (X.600). 

Plate V 

Fig. 7.— Late fall browning in red pincj specimen taken at Midhurst, Oct. 20th. 

Fig. 8.— Short shoot with scales dissected away to show the basal cavity, formerly 
occupied by the larva of a gall midge. (X-4). 

Fig. 9.-^Larvae of the red pine gall midge in situ. Two are shown. As a rule only 
one is found in each short shoot. (X-4). 

Fig. 10. — Short shoot of red pine suffering from needle blight, with characteristic 
crook. (X-7). 

Fig. 11. — Larva of the red pine gall midge. Ventral aspect (X-10). 

Fig. 12.— Culture of Pullularia pullulans on malt agar (X-K). 

Fig. 13. — Needles withdrawn from the sheath of a blighted short shoot which over- 
wintered on the ground. Note the erumpent sclerotia and anostiolate pycnidia 
of Pullularia pullulans at the margin of the lesion (X-15). 



Plate VI 


Fig. 14*16. — Transverse sections through the base of an infested short shoot of the 
red pine showing the red pine gall midge larva in situ. This short shoot 
displayed no field symptoms of late fall browning at the time of collection 
but shortly thereafter the tree from which it came suddenly browned. 

Fig. 14. — Section from the proximal part, showing the anterior end of the larva in 
the axil of a sheath scale. 

Fig. 15. — Section from the median part showing the geminate needles, and a median 
section of the gall midge larva in which the gut is conspicuous. 

Fig. 16. — Section from the distal part showing the needle pair and the anterior end 
of the gall midge larva. The tissue systems of the leaf, other than the vascular 
and epidermal are not well differentiated, and are clearly traumatic. (X-32), 

Fig. 17. Red pine gall midge, adult female, reared from larva collected from fall 
browned short shoot (X-20). 

Fig. 18. — Platygasier filicornis Ashm. adult female. Reared from larva of the red pine 
gall midge (X-20). 

Plate VII — Pullularia putlulans (de Bary) Berkhout 

Fig, 1. — Blastosporic sporulation on agar film (X-1500). 

Figs. 2-4. — Germination of blastospores. 17 hrs. on agar film at 27® C. (X-1000). 

Fig. 5. — Bicellular and unicellular dark spore chain» from old culture (X-850). 

Fig, 6.“ -Fine hyaline parallel hypha. (X-860). 

Fig. 7. — Spore chain from 48 hr. water culture (X-860). 

Fig. 8. — Spore masses from tracheid elements of red pine needle sheath scale (X-850). 

Figs, 9-11. — Blastospores in water (X-1000). 

Figs. 12-14. — The same, after 24 hrs. (X-IOOO). 

Fig. 16. — Sheathed tri-septate dark spore in water culture of blastospores, after one 
week (X-IOOO). 

Fig. 16. — Gemmae in old agar culture (X-SSO). 

Fig. 17.— ’Terminal bicellular spore, germinating by means of germ tube on transference 
to new medium (X-850). 

Fig. 18. — Old hyphal element germinating by means of bud spores on transference to 
new m^ium (X-850). 

Fig. 19. — Sheathed chain of dark spores grown in water (X-850). 

Fig. 20. — Dark hyphae in tracheid elements of red pine needle sheath scale (X-860). 
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LARVAL STAGES OF CRAGO SEPTEMSPINOSUS SAY 

By Alfreda Berkeley Needler 
Prince Edward Island Biological Station 

ABSTRACT 

The paper describes the first stage larva of Crago septemspinosus hatched in the 
laboratory and later stages obtained from plankton collections. The appearance and 
development of the larvae of C, septemspinosus correspond very closely with those of the 
European species C. vulgaris. 

So far no larvae of Canadian Cragonidae have been described although 
the larvae of most of the western European species are known. Around 
all the shores of Prince Edward Island Crago septemspinosus Say is very 
common. Thus it seemed worth while to describe the larv^ae of this form 
and the writer wishes to thank the Fisheries Research Board of Canada 
for providing facilities for the work. Material was collected near the 
Prince Edward Island Biological Station on Malpeque Bay. 

It should be noted that the nomenclature used by Miss Rathbun 
(1929) has been followed in referring to the genus Crago and the family 
Cragonidae instead of the more usual Crangon and Crangonidae. 

Hatching of eggs of Crago septemspinosus occurs during the late spring 
and early summer from mid- June through July. During July all the 
larval stages may be obtained in plankton tows taken along the shores 
of the estuaries about a metre below the surface. In 1939 larvae of this 
species were hatched from eggs in the laboratory but were not reared. 
Later stages were collected from the plankton and the author is reason- 
ably sure that a complete series has been obtained. 

In the accompanying illustrations those of complete larvae are all 
drawn to the same scale so that they are comparable. Similarly the 
illustrations of appendages are all to the same scale, although, naturally, 
a different one from that used for the entire animals. 

Descriptions 

First Stage (Fig. 1, A-J). 

In general the larva is very transparent and colourless, with a slight 
pink tinge in the antennae and abdomen. There are a few small black 
chromatophores on the antennae and maxillipeds. They are also down 
the ventral surface of the abdomen, one on each of the first three 
segments, three on the fourth and three on the telaon. 

The larva is 1.9 mm. from the tip of the rostrum to the tip of the 
telson. The carapace has no dorsal or supra-orbital spines but it has 
three or four small lateral denticulations. The eyes are sessile. The 
rostrum is slender, without denticles, projecting slightly downwards and 
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I'lGURE 1, Cra^o septemspinosuSf first, second and third stage larvae. A, first 
stage larva, dorsal view; B, same, lateral view; C, same, antennule; D, same, antenna; 
E, same, mandibles; K, G, same, first and second maxillae respectively; H, I, J, same, 
first, second and third maxillipeds respectively; K, second stage larva, lateral view; 
L, same, antenna; M, same, lelson; N, third stage larva, lateral view; O, same, antennule; 
P, same, first pereiopod; Q, same, tail fan. 
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1 {GURU 2 Crago septemyptnosu^, fourth and hfth stage larvae A, fourth stage 
larva, lateral view, B, same, iirst pereiopod, C, hfth stage larva, lateral view 1), same, 
antennule, E, same, atiteiina, F, same, first maxilliped, G, same, first pereiopexl, H, same 
second pereiopod, I, same, third pereiopod, J, same, third pleopod 
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reaching a little past the base of the antennule. The abdomen has a 
median dorsal spine on the third segment and two lateral spines on the 
fifth segment. The telson, fused with the sixth segment, bears seven 
pairs of setae which are so delicately plumose that only the central shaft 
is visible under ordinary magnification. It is slightly indented at the 
end. 

The antennule (fig. 1, C) has a tubular unjointed base bearing a small 
conical segment tipped with four simple setae and a narrower segment 
tipped by one thick, slightly plumose spine. The antenna (fig. 1, D) 
has an unjointed base. The scale is unjointed and bears four plumose 
setae and one simple seta. The flagellum is represented by a small joint 
bearing a long, stout plumose spine. 

The mandibles (fig. 1, E) have no palps. The incisor process of the 
right mandible bears two sharp and one blunt denticle and there are 
three small teeth between this and the molar process. The incisor 
process of the left mandible is pointed and there are two small teeth 
between it and the molar process. The coxopodite of the first maxilla 
(fig. 1, F) has one simple and five delicately plumose setae. The basipo- 
dite has six or seven short stout spines and the endopodite has five 
delicately plumose setae. The exopodite of the second maxilla (fig. 1, G) 
bears five delicately plumose setae. The lobes representing coxopodite, 
basipoditc and endopodite are fringed with delicately plumose setae. 

The first maxilliped (fig. 1, H) is more pediform than the maxillae. 
The endopodite is unsegmented and bears seven or eight simple setae. 
The exopodite is about twice as long as the endopodite and bears four 
sparsely plumose setae. The base is fringed with simple and plumose 
setae. The second maxilliped (fig. 1, I) is larger than the first but 
similar. There are no joints in the endopodite but five divisions are 
indicated. The third maxilliped (fig. 1, J) has a definitely pediform endo- 
podite with five joints. 

There are no pereiopods or pleopods. 

Second Stage (Fig, 1, K-M), 

The larva is about 2.2 mm. long. The eyes are stalked but still set 
close to the head. The telson (fig. 1, M) bears eight pairs of plumose setae 
and uropods may be seen through the cuticle. 

The scale of the antenna (fig. 1, L) is more adult in shape, bearing 
eight or nine plumose setae and one short, stout spine. The basal part 
of the flagellum is still unjointed but much larger and thicker. Ttiere is 
no great change in maocillae or maxUlipeds. A slight thideening at the 
base of the exopodite of the second maxilla shows where the proximal 
expansion will come later. The endopodites of all three maxillipeds are 
now jointed. 
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Buds of three pairs of pereiopods are present but there are still no 
pleopods. 

Third Stage (Fig. 1, N-Q). 

The larva is about 3 mm. long. Epimeral plates are just beginning 
on the abdomen. The antennule (fig. 1, O) has a three-jointed base 
but the rami have not changed much. In both second and third maxillu 
peds the endopodites are larger in proportion to the exopodites. 

The first pereiopod (fig, 1, P) is an unjointed biramous appendage. 
The two rami are simple curved bars, one (the endopodite) larger than 
the other. The remaining four pereiopods are similar to the first but 
uniramous. Many specimens have minute swellings on the abdominal 
segments where the pleopods will develop. 

The tail fan (fig. 1, Q) is distinct from the sixth segment. The 
uropods are free and bear a few simple setae. The telson is triangular, 
flatter at the end and still bearing eight pairs of stout plumose setae. 

Fourth Stage (Fig. 2, A and B). 

The larva is about 3.6 mm. long. The lateral denticulations on the 
carapace are now very small. Epimeral plates are quite distinct on the 
first five abdominal segments. 

The antennae, mouth parts and maxillipeds have hardly changed 
except that the endopodite of the third maxilliped is about the same 
length as the exopodite. 

The first pereiopod (fig. 2, B) has an exopodite tipped with five setae 
and an endopodite consisting of a long club-shaped portion with a small 
joint at the end. The remaining pereiopods are all simple curved bars 
without segments or exojKxlites. The second pereiopod is much smaller 
than the others. The pleopods are distinct but simple buds. 

In the tail fan the uropods arc better developed and well fringed with 
setae but the telson shows little change. There is no anal spine. 

Fifth Stage (Fig. 2, C-J). 

The larva is about 3.8 mm. long. Although not much bigger than 
the fourth stage it is so much !)etter developed that it is quite distinct. 
The rostrum is somewhat straighter than in earlier stages. The lateral 
denticulations of the carapace arc very faint or absent. 

The antennule (fig. 2, D) has a three jointed stem somewhat expanded 
at the base in the manner of the adult but the rami are essentially little 
changed from the first stage. In the antenna (fig. 2, E) the base and 
scale are almost adult in shape but the flagellum is represented by a long 
rod with a short joint (the peduncle) at its base. 

The mouth parts and maxUUpeds are little changed but the first 
maxilliped (fig. 2, F) has the epipodite represented by a flat curved bar. 
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All the pereiopods arc well developed and a gill has appeared at the 
base of each. The ./irj/ pereiopod (fig. 2, G) has a stout endopodite of 
four joints, the fourth joint sharp but not bent over to form a claw. The 
second pereiopod (fig. 2, H) is still more slender than the others and has 
the propodal joint slightly extended to form the beginning of a claw. 
The third pereiopod (fig. 2, I) is fully segmented and pediform. The 
fourth and./?//A pereiopods resemble the third. 

The pleopods (fig. 2, J) are distinctly jointed but are still uniramous 
and have no setae. 

An anal spine is present at the base of the tail fan. The telson is 
definitely narrower at the tip hut still essentially larval in character. 

Sixth Stage (post-larval). 

This is the first post-larval or bottom stage and is strikingly different 
from the fifth larval stage. It is not much larger, being about 4 mm. 
or 4.2 mm. long, but is superficially just like the parent. The body is 
flattened dorso-vcntrally instead of laterally. There is a median spine 
on the carapace and the anal spine is still present but the spines on the 
third and fifth abdominal segments have gone. The rostrum i.s much 
shorter though not as short as in the adult. 

The antennule has an inner ramus with three joints and an outer 
ramus with two rather indistinct joints but the w^hole api)cndage still 
looks immature. Evidently this appendage develops slowly. In a 
specimen 9 mm. long the inner ramus only had six joints and the outer 
five while the shape of both, although longer, still suggested the larval. 
The antenna has a flagellum almost as long as the carapace with about 
twelve joints. The scale is little changed. 

The mandibles and maxillae arc essentially adult in shape. The first 
maxilliped still suggests the larval form. The exopodite is longer, whip- 
like and bent but unjointed. The endopodite and base are much as in 
the fifth stage. The epipodite is bilobed. The second maxilliped is 
superficially adult but with an unjointed exopodite. The bud of an 
epipodite is present but no gill. The third maxilliped is also superficially 
adult. The exopodite is small, bent and whip-like but unjointed. There 
is a small epipodite. 

The pereiopods are all completely adult in shape. The first has lost 
its exopodite. The pleopods are quite adult in shape and well fringed 
with setae but are still almost uniramous. The inner ramus of each is 
represented by a minute bud bearing one seta. 

The telson is much narrower at the tip than in the last stage but not 
as narrow as in the adult. It has two pairs of long stout setae at the 
tip and three pairs of setae up the sides, one pair quite near the tip. 
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There is no central stout terminal spine as in the adult and there are no 
fringing fine setae. 

Discussion 

In 1890 Sars described the larvae of Cra^o {Crangon) vulgaris and 
C. allmanni. The former was treated particularly thoroughly. Since then 
several authors (R. Gurney 1903, 1923; M. V. Lebour 1931; G. E. Webb 
1921 ; H. C. Williamson 1901) have checked his work with larvae of these 
s{)ecies obtained by them and have compared these larvae w ith those of 
closely related genera. 

There seems to be an extraordinarily close similarity between the 
larvae of Crago septemspinosus and Crago vulgaris. Su{)erficially the 
first stages would differ considerably when alive as the Canadian form is 
transparent and almost colourless while the colour of C. vulgaris (Lebour 
1931) is '‘yellow and brown, very dense**. But these first stages are 
about the same size, have similar arrangements of spines and the ap- 
jiendages only differ in small details. C. septemspinosus is in some w^ays 
slightly slower in its development than C. vulgaris as described by Sars, 
1890. The antennae, first maxillae, and maxillipeds are about the same 
stage of development in the second stage of C. septemspinosus and the 
first stage of C. vulgaris. The first stage of C. vulgaris has the bud of one 
pereiopod while the first stage of C. septemspinosus has none. Otherwise 
the two first stages are remarkably alike. 

In later development C. vulgaris grows faster than C. septe^nspinosus, 
the former being 4.7 mm. to 6.5 mm. long in the fifth stage (Lebour 1931) 
and the latter less than 4 mm. long at the same stage. Also the anal 
spine appears at the fourth stage in C. vulgaris and not until the fifth in 
C. septemspinosus. But the only essential difference between the fifth 
stage of C. septemspinosus and the fifth stage of C. vulgaris is that the 
flagellum of the antenna is unjointed in the former and jointed in the 
latter. 

Miss Lebour (1931) has listed the general characters of the Cragonidae 
(Crangonidae). The only way in which the larvae of Crago septem- 
spinosus differ from these is in the anal spine being developed at the fifth 
instead of the fourth stage. 
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LIST OF THE ODONATA OF ONTARIO 
WITH DISTRIBUTIONAL AND SEASONAL DATA 


By E. M. Walker 

University of Toronto 

AithouKh a number of papers giving distributional data on the 
Odonata of Ontario have appeared since the publication of the writer’s 
first list (Walker '06b), these have been concerned with particular regions 
or localities and not with the Province as a whole. Meanwhile un- 
published records have accumulated to such an extent as to warrant 
their publication in a single paper embodying all the available data for 
the study of the distribution of this group in Ontario. The data, 
however, are still very incomplete, only a few localities having been 
well explored, and there are still many large areas, even in the settled 
parts of the Province, in which no collecting has yet been done. 

The Province of Ontario extends from Pelee Island, Lake Erie 
(Lat. 41° 50'), northward through a distance of about a thousand miles 
to Hudson Bay, on the Manitoba border (Lat. 57°). It is therefore not 
surprising that a wide range of climatic differences should exist in 
Ontario with correspondingly great differences in the flora and fauna. 
At the southern border along Lake Erie these are similar to the flora 
and fauna of northern Ohio and Indiana, while, approaching the coast 
of Hudson Bay, they are comparable to those of Labrador, the climate 
being subarctic or even arctic on the immediate coast. In terms of 
Merriam’s faunal regions, there is a narrow strip of the Carolinian zone 
in the extreme south and of Arctic in the extreme north, while between 
these extremes there is the entire width of the Transition, Canadian 
and Hudsonian zon4s. 

The Province is usually divided into Old Ontario and New or 
Northern Ontario, the dividing line being taken about the latitude of 
North Bay, Lake Nipissing. Since the two areas thus defined are very 
unequal we prefer to follow the plan proposed by Snyder (’38), who 
divides the Province into four sections (Southern, Central, Western and 
Northern Ontario), as shown in map 1.* 

In terms of Merriam’s zones. Southern Ontario, as here defined, 
corresponds approximately to that portion of the Province which lies 
within the Austral Region.f The narrow strip along Lake Erie, labelled 
“Extreme Southern Ontario", belongs to the Carolinian or eastern 

•For the use of maps 1 and 2 we are indebted to Professor J. R. Dymond, Director 
of the Royal Ontario Museum of Zoology. 

tFor map of Merriam's zones in Ontario, as followed here, sec Snyder CSSa). 
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division of the Upper Austral, while most of the remaining territory 
lies within the Alleghanian or eastern division of the Transition zone. 
As one travels northward, the boreal fauna is increasingly noticeable, 
becoming prevalent in the northern parts of the Parry Sound and 
Muskoka Districts, Algonquin Park and Renfrew County and, when 
Central Ontario is reached, one may be said to have definitely entered 
the Canadian or southernmost zone of the Boreal Region. Both Central 
and Western Ontario lie within this zone, although west of Lake Superior, 
particularly in the Rainy River District, there is a greater infusion of 
southern or Transitional species than at the same latitude in the east 
(Snyder ’38b). 

In the present pajxjr no attempt is made to analyze the factors 
which control the distribution of species. For this purpose our data 
are still insufficient and much more should be known of the life histories 
and ecological relations of the various species. Our object is merely to 
present a list of the Odonata that have been found in Ontario, lists of 
the localities where each species has been taken, brief notes on the 
habitats of each species and its season of flight, and a general summary 
of the fauna of each division of the Province. 

We are greatly indebted to all those who have assisted in the collection 
of sfiecimens and without w^hose aid these records would be far less 
complete than they are. Sfiecial mention should be made of the following 
friends and colleagues for the substantial aid which they have given: 
Dr. C. E. Atwood, Professor J. R. Dymond, Dr. Norma Ford, Mr. T. N. 
Freeman, Dr. C. S. Hanes, Dr. J. L. Hart, Mr. C. E. Hope, Dr, A. G. 
Huntsman, Dr. F. P. Ide, Mr. T. B. Kurata, Mr. W. Le Ray, Mr. 
E. B. S. Logier, Dr. R. B. Miller, Mr. G. M. Neal, Mr. J. G. Oughton, 
Mr. E. S. Pentland, Dr. W. E. Ricker and Mr. R. V. Whelan. 

Southern Ontario 

Southern Ontario is divided geologically into two main regions, the 
Pre-Cambrian Shield to the north and the region underlain by sedi^ 
mentary rocks to the south. An irregular broken line extending east- 
ward from Sturgeon Bay, at the southeastern extremity of Georgian 
Bay, to the headwaters of the St. Lawrence River marks the southern 
boundary of the Pre-Cambrian shield, and another irregular line from 
the vicinity of Brockville northward to the Ottawa River forms the 
eastern boundary. The region underlain by sedimentary rocks is thus 
divided by an angular extension of the Pre-Cambrian shield into two 
areas, a larger one to the south, including the ‘^southwestern peninsula*’ 
and a smaller one between the Ottawa and St. Lawrence Rivers, a 
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MAP 1. 
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part of the St. Lawrence Lowlands. These two areas constitute the 
principal agricultural regions of the Province. 

From a zoogcographical standpoint Southern Ontario is divided, 
according to Merriam, into three zones: Carolinian, Alleghanian and 
Canadian. The boundary lines of these zones are somewhat arbitrary, 
especially (in Ontario) that between the Alleghanian and Canadian. 
This boundary is in fact so nearly coincident with the line which 
separates Southern and Middle Ontario that we shall not deal with the 
Canadian zone as a separate region in this section, but consider under 
Southern Ontario only the Carolinian and Alleghanian zones. 

Carolinian Zone. A line drawn from Toronto to Sarnia may be 
taken as approximately the northern limit of the Carolinian zone, 
although many Carolinian species range more or less widely beyond this 
line. 

In general, the Carolinian fauna, as represented in Ontario, is rich 
in Zygoptcra and Libellulidae and comparatively poor in Corduliidae 
and Aeschnidac. Owing to the flatness of the region, pond species are 
abundant and the paucity of stream species has been intensified by the 
drying up of watercourses and the irregular flow of those which remain, 
due to overclearing of the land. 

Examples of species restricted in Ontario to this region or rarely 
found beyond its limits are the following: Iletaerina americana, Argia 
apicalis, A. tibialis, A. translata, A. sedula, Anomalagrion hastatum, 
Peritkemis tenera, Libellula semifasciata, Pachydiplax longipennis, 
Celithemis eponina, Trapezostigma Carolina, T. lacerata and Pantala 
hymenea. 

Among the commonest pond dragonflies are EnaUagma ebriutn, 
Ischnura verlicalis, Anax junius, Libellula ptUchella, L. lydia, Sympetrum 
rubicundulum, S. obtrusum and Leucorrkinia intacta: and of stream 
species, Agrion maculatum, Argia moesta, A. vioiacea, Enallagma exsulans 
and, in more sluggish waters, E. antennatum and Ischnura verlicalis. 
Of the common gomphids, Gomphus fratemus abounds along the shallow 
reedy parts of the Lake Erie shore and occurs also in the larger rivers; 
G. spicatus and furcifer are abundant in the more marshy places, while 
G. vUlosipes is characteristic of sluggish muddy streams. G. vastus is 
known only from Pelee Island. The commonest corduliid is Tetragoneuria 
c. cynosura, and Epicordulia princeps is frequently met with. The only 
common species of the bronzy type is Dorocordulia libera, the Somatoch- 
loras being very rare. Of aeschnids Anax junius is by far the most 
abundant, Epiaeschna heros the most characteristic, while the commonest 
Aeschnas are A. umbrosa along riiady streams and A. constricta in open 
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marshes. A, mutata, from the vicinity of Galt, is the only strictly 
Carolinian Aeschna. 

A few distinctly boreal species reach this zone, e.g. Coenagrion 
resolutupty Enallagina boreale and £. cyathigerum. These, or at least the 
first two, range northward to the edge of the Arctic zone. In the south 
their season of flight is early and comparatively brief, before the swarms 
of more southern dragonflies have reached their climax. 

Alleghanian Zone, The greater part of Southern Ontario north of 
the Carolinian zone belongs to the Alleghanian or Eastern Transition, 
although the fauna of the northernmost part of the Parry Sound District, 
Algonquin Park and Renfrew County is predominantly boreal. 

In the agricultural regions or those underlain by sedimentary rocks, 
we find many southern species which are rare or absent northward. 
Examples are Lestes inaequalis, Enallagma geminatum, E, antennatum, 
E, vesperum, Amphiagrion sauciutn, Epiaeschna heros, Gomphus viUosipes, 
G, furcifer^ G. fraternus, G, vastus (Ottawa valley), Libellula luciuosa, 
Erythemis simplicicollis and Sympetrum rubicundulum, Epicordulia 
princeps reaches Georgian Bay in a form with the maculation of the 
wings reduced to a minimum. 

The commonest large pond dragonflies are still Anaxjunius, Libellula 
pulchella and L, lydia, together with the more northern L, quadrimaculala 
and L, Julia. The last species swarms in bog ponds and is even more 
abundant in the Pre-Cambrian region. The only common Leucorrhinia 
is the relatively southern L. intacta. The typical species of temporary 
ponds are Lestes unguiculatus, L. dryas, L. forcipatus^ Sympetrum 
decisum and 5. obtrusum, but all these are widely distributed forms, not 
specially characteristic of the Alleghanian zone. 

Except in the absence of Hetaerina, Anomalagrion and all but two 
species of Argia, the Zygoptera are the same as in the Carolinian zone. 
Enallagma hageni is the most abundant of the species, followed closely 
by £4 ebriuMf Nehalennia irene and Ischnura verticalis, the last species 
being the most ubiquitous, with the longest seasonal range. 

Entering the Pre-Cambrian Shield, we come upon a vast number of 
rock-margined lakes, channels, streams with alternating rapids and 
pools, marshes and bog ponds: a region teeming with dragonfly life. 

The lakes of this region are largely expansions of streams and are 
characterized by a similar fauna to a considerable extent. Characteristic 
of both lakes and streams are, e.g., Argia moesta, Boyeria grafiana, 
Basiaesekna Janata, Hagenius brevistylus, Gomphus lividus, C. exilis, 
Dnmogomphus spinosus, Helocordulia uhleri, Neurocordulia yamaska- 
nensis, Didymops transversa and Macromia illinoiensis. In the shallower 
and gentler rapids we have also Agrion maculatum, Ophiogomphus 
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rupinsulensis, Gomphus brevis, Lanthus albistylus, Cordulegaster maculaius 
and others: and in the quiet reaches Agrion aequabile, Enallagma exsulans. 
Boyeria vinosa and Gomphus scudderi, Most of these are found also in 
the agricultural regions, where suitable conditions obtain, but soon 
disappear from streams whose flow has become irregular and whose 
waters are muddy and silted. 

The bogs produce several characteristic species, mostly forms of 
wider and more general distribution northward. Leucorrhinia frigida 
swarms in early summer in the sphagnum bog ponds, sometimes with 
Nannoihemis bella, Nehalennia gracilis (both relatively southern) and 
others. Leucorrhinia proxima takes the place of L. intacta as the most 
generally distributed species of the genus, although the latter still occurs 
in the less acid waters. Libellula jidia, Cordulia shurtleffi, Tetragoneuria 
cams, and Gomphus spicatus are among the most constant of the bog 
pond S|)ecies of early summer, while in late summer few species are seen 
in the bogs except Sympetrum (chiefly 5. obtrusum and vicinum), Lesies, 
particularly L, disjunctus, and Aeschna canadensis. 

The Aeschnas of the Canadian zone {A. eremita and interrupta) begin 
to be common about the latitude of Algonquin Park, together with 
Leucorrhinia hudsonica, L. glacialis and some of the Somatochloras (5. 
minor, elongata, williamsoni, kennedyi and forcipata). The most 
abundant Corduliidae are theTetragoneurias, T.spinigera and T. cynosura 
simulans. 

Among the species that reach their northern limit approximately 
with that of the Alleghanian zone are the following: Lestes vigilax, 
Enallagma exsulans, E. carunculatum, E. signatum, Nasiaeschna penta- 
canlha, Aeschna constricta. A, verticalis, Dromogomphus spinosus, Libellula 
incesta, L, lydia, Nannoihemis bella and Celilhemis elisa- Some of these, 
e.g. £. exsulans, E. carunculalum, D. spinosus and L, lydia, probably 
enter Central Ontario but have not yet been recorded. L. incesta and 
C. elisa appear to have a discontinuous distribution. The former is 
common on the shore of Lake Erie but is apparently absent throughout 
the agricultural region, reappearing on the Pre-Cambrian Shield (Mus- 
koka District and Leeds County). C. elisa is also commonest in the 
extreme south but is extremely sporadic northward until the Pre- 
Cambrian Shield is reached, where it again becomes fairly common in 
ofX'n marshes and bogs. 

In concluding this section on the Alleghanian zone, special mention 
may be made of the Ottawa River and its tributaries, this drainage 
system being probably the richest in Odonata in all Canada, especially 
in Gomphidae, these being for the most part river forms, Many of the 
species are eastern and southern but some are northern, notably in the 
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Mer Bleue, a huge peat bog, formerly a lake draining into the Ottawa. 
These species are, however, not Gomphidae but chiefly Corduliidae. 
Not all the species of the Ottawa valley, including its tributaries, have 
been found in Ontario, some, e.g., O phio^omphus mainensis diwA Gomphtis 
amnicola^ being known only from the Quebec side. Of the species from 
Ontario, the following may be mentioned: Gomphus vasius, common on 
the Ottawa south of Arnprior, but elsewhere in Ontario known only 
from Pelce Island, Lake Erie; C7. ventricosus, elsewhere in Canada knowTi 
only from Farnham, Quebec, and Fredericton, N.B.; G. spiniceps, 
restricted in Canada to the Ottawa drainage system ; and Ophiogomphus 
anontalus which has an apparently scattered distribution from Maine 
to the region of Lake Nipigon, north of Lake Superior. Northern 
dragonflies found in the Mer Bleue are Somatochlora franklini, S, 
kennedyif Williamson ia fletc her i and Leucorrhinia liudsonica. 

Central Ontario 

Central Ontario lies wholly within the Canadian zone. Dragonflies 
have been collected from but few localities in this section of the 
Province, chiefly in the Timagami Forest Reserve and in the extreme 
west where Central and Western Ontario meet, viz., the vicinity of 
Lake Nipigon. These localities arc similar in tojKJgraphy to other 
portions of the Pre-Cambrian Shield and the odonate fauna is much 
the same except for the loss of species already mentioned under the 
Alleghanian zone and with an increasing percentage of boreal species. 
Most of these boreal forms have been already mentioned under the 
Alleghanian zone, but they are for the most part somewhat local until 
the Canadian zone is entered. A very few new forms appear in Central 
Ontario. 

Characteristic of the Canadian zone are the Aeschnas, Somatochloras 
and Lcucorrhinias, the principal sjiecies of which are: Aeschna eremita^ 
inlerruplat canadensis and umbrosa; Somatochlora walshii, minor, elongata, 
williamsoni, kennedyi, forcipata and cingulata; Leucorrhinia hudsonica, 
gtaciatis, proximo and frigida. Other characteristic species are Cordulia 
shurtleffi and Sympetrum danae, WilUamsonia fletcheri, reported from 
Timagami and from the Mer Bleue, as already noted, likewise appears 
to be a typically boreal species. The Hudsonian iorm^ Aeschna subarctica 
and A, sitchensis are also beginning to appear and undoubtedly others 
will be found in the northern parts of Central Ontario. 

On the other hand there are still many species of the Carolinian 
and Alleghanian zones which enter Central Ontario and probably reach 
their northern limits here. Among these are Agrion maculatum, Lestes 
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unguiculatus, L. rectangularis, Argia moesta, A. violacea, Ischnura 
verticalis, Boyeria vinosa, Anax Junius, Hagenius brevistylus, Opbio- 
gomphus carolus, Lanthus albistylus, Gotnphus Hvidus, G. scudderi, G. 
notatus, Cordulegaster diastatops, Dorocordulia libera, Somatochlora. tcne- 
brosa, Tetragoneuria c. simulans, Neurocordulia yamaskanensis, Didymops 
Iransversa, Macromia illinoiensis, Libellula pulckella, Sympetrum cosii- 
ferum, vicinum and semicinctum, and Leucorrhinia intacta. 

Western Ontario 

In general the Odonata of Central and Western Ontario are similar 
but the cooling influence of Lake Superior is seen in the fauna of its 
north shore, which appears to be of a more boreal type than that of 
Central Ontario as represented by the Timagami region. Such south- 
ern forms as Agrion maculatum, Argia moesta and A. violacea are ab- 
sent, while Hudsonian species such as Coenagrion interrogatum, Aeschna 
juncea, subarctica and sitekensis, Opkiogomphus colubrinus and Soma^ 
tochlora albicincta are more or less common. 

Tetragoneuria spinigera, a dominant species here, reaches its maximum 
size on the north shore of Lake Superior, where it is considerably 
larger than it is anywhere else across the continent, except perhaps 
in Northern Ontario. Ischnura verticalis is rare and local, doubtless at 
its northern limit, but Nehalennia irene, EnaUagma hageni and E. ebrium 
are still common though more local than they are farther south. 

West of Lake Superior, in the Rainy River District and adjacent 
parts of the Kenora District, the climate is distinctly milder and an 
incursion of southern species in the fauna is evident, as pointed out by 
Snyder (88b) with reference to the birds and mammals of this region. 
Practically no collecting of dragonflies has been done in the Rainy 
River District, but in the southern part of the Kenora District, viz., 
at Minaki, the dragonfly fauna is distinctly more southern than at 
Nipigon or Lake Nipigon. In fact several species occur there whidi 
inhabit only the more southern parts ol Southern Ontario and are 
apparently absent, in that section of the Province, from the Pre- 
Cambrian Shield. Such are EnaUagma cwile, Gomphus comutus, G, 
graslineUus, G. fraternus and Tarnetrum corruptum. These species are 
also present in eastern Manitoba (Walker ’33), from which western 
Ontario also receives one characteristic spedes of the north central 
plains, viz., Coenagrion angulatum. 
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Northeek Ontario 

In Northern Ontario parts of three faunal zones arc represented, 
viz., the northern part of the Canadian, the entire width of the 
Hudsonian, which is narrowed here by the proximity of Hudson Bay; 
and the Arctic, represented by the immediate shore of the Bay. 

Lake Abitibi and Smoky Falls, near Kapuskasing, are representative 
southern stations in Northern Ontario and arc in the heart of the Can- 
adian zone: the regions of Favourable Lake, Attawapiskat Lake and 
Moosonee, at the south end of James Bay, are middle stations, still 
within the Canadian but approaching the Hudsonian zone, while F'ort 
Severn on Hudson Bay itself is typically Hudsonian and the only Ontario 
station within this zone from which collections of Odonata have been 
received. 

Canadian Zone, In the northern belt of the Canadian zone, as 
represented in Northern Ontario, the genera are almost all holarctic 
and many of the species have near relatives in the palaearrtic region. 

The Zygoptera are reduced to but few species, nearly all diminishing 
in numbers northward. The principal species are Agrion aequahile 
hudsonicum (the only stream form), Lestrs disjunctust L. dryas, Enallagma 
boreale, E, cyathigerum, Coenagrion resolutum and C. interrogatum. Other 
species which are already almost at their northern limits as we enter 
Northern Ontario are Lestes congener, L, forcipatus, Nehalennia irene, 
Enallagma hageni, £. ebrium and Chromagrion conditum. These are all 
species that range southward well beyond the Canadian boundary. 

Of the Anisoptera, Aeschna, Somatochlora, Leucorrhinia and Sym- 
petrum are dominant genera. 

The Aeschnas are the same as those of Central and Western Ontario 
but A* canadensis is rare and l<Kal while the Hudsonian species are 
increasing northward. A, eremiki, inierrupta and umbrosa are still 
common. The only other aeschnids are Boyeria grafiana^ which persists 
well down the Hudson Bay slope, and Basiaeschna janata, which reaches 
its known northern limit at Favourable Lake. 

Somatochlora reaches its maximum development at this latitude, at 
least in number of individuals. 5. cingulata, the large lake species, and 
5. franklini, the small frail species of the muskegs, are both abundant 
and characteristic forms. S. albicincta is also increasing as we travel 
northward and its ally from the west, 5. hudsonica, is met with for the 
first time. The other species are those already mentioned in previous 
sections, except 5. tenebrosa and 5, elongata, which, however, is to be 
expected in the region. All except these species and S. williamsoni, 
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known as far north as Lake Abitibi, probably range at least to the edge 
of the Hudsonian, judging from their known distribution elsewhere. 

Besides Somatochlora, the Corduliidae are represented by Cordulia 
shurtleffi, vcTy abundant here, and the two Tetragonourias, T, spinigera 
and canis, both of which appear to be at least locally common. Ilelo- 
cordulia uhleri has been taken as far north as Lake Abitibi. 

Leucorrhinia, the third largest genus at this latitude, is another 
genus at its maximum development. L. hudsonica is here one of the 
most abundant dragonflies, L> proxima and glacialis are still at their 
optimum, and two other species have appeared, the large L. borealis 
from the west and the very small L, pairicia. It is very probable that 
L. frigida will be found here also. Sympetrum is represimted by at 
least three species, 5, decisum, S, obtrusum and 5. danae, 5. decisum 
has been taken farthest north, viz., at MoosoncH', but too little collecting 
has been done to attach any significance to this fact. The only other 
Libellulids are Libellula qmdrimaculaia^ which is still plentiful and 
probably reaches the edge of the Hudsonian, and L, julia, which at 
least reaches the southern boundary of Northern Ontario, viz., at Lake 
Abitibi. 

Two other families arc still represented, viz., Gomphidac and Cordulc- 
gasteridae. Few Gomphidae are left when Northern Ontario is entered 
and all except Ophiogomphus colubrinus are almost at their northern 
limit. 0. rupinsulensis, Gomphus exilis^ G. spicatus and G. brevis are the 
only other species known at this latitude in Ontario. Cordulegasler 
maculatus, the only representative of its family, is common at least as 
far north as Lake Abitibi. 

Hudsonian Zone, This is a zone of particular interest, as it is the 
region where dragonflies as a whole make their last stand in the face 
of the Arctic. In Ontario it occupies the coastal plain of Hudson Bay 
and is an almost continuous muskeg or bog, lacking the numerous lakes 
so characteristic of the Pre-Cambrian region immediately south of it. 

In a collection of nearly 500 specimens from Fort Severn, Hudson 
Bay, there are fourteen species. The absence of any members of the 
genera Lestes and Sympetrum and the paucity of the larger Aeschnas 
are doubtless due to the fact that no collecting was done after July 31. 

The Zygoptera consist of two species, Coenagrion resoluium and 
Enallagnta boreale, of which the former was by far the more abundant. 
Both are represented by individuals of maximum size. The Anisoptera 
are represented by one species from the Severn River, Ophiogomphus 
colubrinus, and eleven from the muskeg, of which almost the entire 
region consists. These are Aeschna eremita, A, Juncea, A. coerulea 
septentrionalis, A, siUhensis, Somatochlora franklin^ 5. whiiehousei, 5. 
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septentrionalis, S, albicincta^ 5. hudsonica, Leucorrhinia hudsonica <ind 
L. Patricia, L, hudsonica was the most abundant species. 

Thus there are three spc*cies not recorded south of this zone, viz., 
Aeschna c. septentrionalis, Somatochlora whitehousei and S, septentrionalis. 
These and all the others, except the newly described L, patricia, arc 
widely distributed in the Hudsonian zone across the Continent. With 
the exception of A, eremita, 0, colubrinus, L, hudsonica, the two Zygop- 
tera and possibly L. Patricia, these species are either peculiar to the 
Hudsonian zone or characteristic of it. 

Other species in the Ontario list which are known to inhabit the 
Hudsonian zone in other parts of the Continent, such as Labrador, 
Mtinitoba and the Northwest Territories, are Aeschna subarctica, 
Cordulia shurtlejfi, Somatochlora minor, S, fonipaia, and S. cingulata, 
Coenagrion interrogatum , whose* southern limit is the most northerly of 
all North American Zygoptcra and which is a typical muskeg spt*cies, 
will also prove almost certainly to be a Hudsonian form. From their 
occurrence on the Quebec shore of James Bay at Rupert House, we 
believe also that Lestes disjunctus and L. dryas will be included in this 
group. They are at least found close to its border. 

Methods followed in the list. It may seem unnecessary to record in 
detail the localities of common, widely distributed species, but we 
believe it to be desirable for two reasons: (1) definite information is 
thus given as to which s}>ecies are the most gtmerally distributed, and 
(2) the records arc available to those who, in the future, may be making 
an intensive study of the Odonata of some limited area, where such 
definite data are needed. The practice of recording by counties only is 
doubtless satisfactory in the case of many State lists, but the counties 
and districts of Ontario are so unequal in size (see map 2), some of 
the districts being as large as a good-sized state of the Union, that this 
method was considered insufficient in dealing with a province as large 
in area as Ontario. Localities on the west side of C'ook Bay, Lake 
Simcoe, where the writer’s most intensive collecting has been done are 
included under this name. All of the species so recorded have been 
taken in the vicinity of De Grassi Point, near Lefroy, and many from 
within a radius of ten miles from this locality. 

In regard to the details presented in the list of six^cies, the following 
plan has been adopted. The names of collectors, or in some cases authors 
who have already published records, are indicated by initials in brackets, 
following the record. Where the name of the collector is unknown, the 
abbreviation (coL?) follows the record. Each record following the name 
of a county or district is separated from the next by a semicolon, with 
a period following the last record within a county or district. If no 
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initials precede the semicolon or period, it is understood that the present 
writer is responsible for the record: either he is the collector or one of 
a group of collectors, or the record has already been published under 
his name. 

Besides the initials of collectors given below, the following abbrevia- 
tions are used: Crk. (Creek), I. (Island), Is. (islands), L. (Lake), 
Pt. (Point), R. (River). 
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ZYGOPTERA 

Agriidab 

1. A^on* maculatum Beauv. 

ESSEX: Leamington. KENT; Bothwell (LJM); Orford twp.; Morpeth. ELGIN: 
St. Thomas; Springer Crk.; Port Stanley: Port Bruce; Port Burwell. MIDDLESEX: 
Wardsville. NORFOLK: Port Ryerse. OXFORD: Thamesford. BRANT: Glen 
Mmris (NF); Princeton. HALDIMAND: Oneida twp.; Caledonia. WELLAND: 
Niagara Falls. LINCOLN: St. Catharines. WATERLOO: Kitchener; Galt. WENT- 
WORTH: Hamilton. HALTON: Georgetown; Milton; Palermo. HURON: Auburn. 
WELLINGTON: Guelph. PEEL: Erindale; Credit Forks; Bolton; Palgrave. YORK: 
Toronto; Kleinburg; Pottageville; North York twp.; Vandorf; Maskinonge River. 
ONTARIO: Glen Major (WER); Claremont. BRUCE; Stoke’s Bay (NF). GREY: 
Owen Sound. SIMCOE: Noltawasaga R. near Alliston; Cook Bay, L. Simcoe; Tioga; 
Singhampton (WER); Orillia (CHC). HASTINGS: Belleville; Shannonville. LEEDS: 
Brockville. LANARK; Perth. PRESCOTT: L’Orignal. CAKLETON: Ottawa; 
Britannia Bay; Cyrville. MUSKOKA: Go Home Bay; Kahshe R.; Baysvillc; Port 
Sydney (NBK). PARRY SOUND: Kearney (FPl); Sand Crk., L. Nipissing. REN- 
FREW; Little Tucker Crk.; Heeney Crk. NIPISSING: headwaters of French R.; 
Algonquin Park (JHM et al.); Sturgeon R. (JF); LakeTimagami (AWAB). ALGOMA: 
Thessalon; Heyden and Searchmont (EBW); Silver Falls (col.?); Blind R, (PH). 

Small streams with intermittent rapids or riffles, more or less shaded; 
very abundant in Southern Ontario, local northward and not definitely 
known north of Lake Superior. 

It appears at Toronto towards the end of May, becoming abundant 
in late June and remaining in a few favourable situations until nearly 
the end of August. Earliest and latest dates: May 27 (Toronto) and 
August 29 (DeGrassi Point). 

*In recent publications, the writer has used the name Calopteryx for this genus, 
following the practice of European authors, Agnoe being applied to the genus here 
termed Comagrion. Since the present indications are that Agrion will soon be universally 
employed in place of Calopteryx, we have reluctantly decided to return to this practice. 
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2. Agrion aequabile (Say). 

MIDDLESEX; London. OXFORD: Thamcsford. BRANT; Glen Morris (NF). 
WATERLOO: Kitchener. HURON: Auburn. WELLINGTON: Guelph. PEEL: 
Erindale YORK: Don R., North York twp. DUFFERIN: Horning^’s Mills (FPI, 
WER). PRINCE EDWARD: Bloomfield. GREY: Owen Sound. SIM COE; Notta- 
wasaga R. near Alliston; Cook Bay, L. Simcoc; Victoria Harbour; Singhampton (WER). 
HASTINGS: Belleville; Shannonville. FRONTENAC: Arden. LEEDS: Brockvillc; 
L>n (GSW). LANARK: Perth; Fall River. CARLETON: Carlsbad Springs (FPI); 
Ottawa; Cyrville. PARRY SOUND: Kearney (FPI); Sand Crk., L. Nipibsing. REN- 
FREW: Petawawa Forest Res. (VKH); Big Tucker and Little Tucker Crks. NIPIS* 
SING: Algonquin Park: Lake Timagami. THUNDER BAY: Gull R. (CSH); Orient 
Bay, L. Nipigon; Silver I., L. Superior. COCHRANE; Nagagami R. and Kenogami 
R. near mouth of Flint R. (WJW); Onakawana; Smoky Falls (RVW): Moosonee (SCD). 
KENORA, Patricia section: Kapiscau R., 180 miles up; Favourable Lake region. 

The two races aequabile and hudsonicum are not clearly defined. In 
general aequabile inhabits southern Ontario but some individuals from 
the Nipissing District approach hudsonicum closely. Typical hudsonicum 
is represented by the sfiecimens from Silver I., L. Superior, and the 
Hudson Bay slope (northern Kenora and Cochrane Districts). 

Locally common, becoming abundant northward, preferring larger 
streams than A. macuhtum, the nymphs apparently tolerating a lower 
temperature. It is, on the whole, a boreal species. The earliest and 
latest dates are June 3 (Petawawa) and Sept. 2 (Nagagami R.). In 
Simcoe Co. we have records from June 4 to Aug. 16. It undoubtedly 
emerges, however, before the end of May, earlier in fact than A, macu- 
latum, since our earliest specimens have always been fully mature, w'hilc 
those of maculatum were teneral. 

3. Hetaerina americana (Fabr.) 

KENT; Thames R., Orford twp. LAM ETON: Sydenham R. near Alvinaton 
(RFC). ELGIN; Port Bruce. MIDDLESEX; Thames R. at London and Wardsville; 
Melbourne. OXFORD: TilUonburg. BRANT: Glen Morris (SLT). HALDIMAND: 
Grand R., Caledonia. PERTH: St. Mary's (GDA). HURON: Auburn. PEEL: 
Credit R. at Erindale, 

Rapid streams with overhanging vegetation: Carolinian, scarcely 
entering the Transition zone. The recorded dates range from July 1 
(Port Bruce) to Sept. 24 (Erindale and Glen Morris). Both tenerals 
and fully mature individuals were observed along the Credit River on 
July 7, 1933. It is very abundant on the Thames River. 

Lsstidab 

4. Lestes eurinus Say 

MUSKOKA: Norway Pt., L, of Bays, 11. VII. '20 (JHM). 

Bog ponds, evidently exceedingly local in Ontario: apparently an 
Austral species. 
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5. Lestes congener Hagen. 

WELLAND: Niagara Glen. PEEL: Credit Forks (WER); Inglewood (FPI). 
YORK: Toronto. ONTARIO: Glen Majcw- (WER). SIMCOE: Holland R. marsh 
near Bradford; Cook Bay, L, Simcoc; Washago. CARLETON; Ottawa (JHM); 
Black Rapids, Rideau R, (FPI). Ml SKOKA: Dudley; East R. PARRY SOUND: 
Nobel. RENFREW: Heeney Crk. NIPISSING: Algonquin Park; Obabika Crk., 
and Island Bay Crk., Timagami; North Bay (WER). ALGOMA: Searrhmont (EBW). 
THUNDER BAY; Nipigon and Fort William (AGH). KKNORA, Patricia section: 
Attawapiskat L. 

Permanent and semi -permanent waters, widely distributed but 
seldom abundant. It appears late in the season, the dates ranging from 
Aug. 9 to Oct. 13. A single, newly-emerged male was taken on the 
Attawapiskat River on Aug. 13. This is the most northerly station 
known for this species. 

L. congener oviposits in tandem on Typha and other plants far above 
the water line. 

6. Lestes unguiculatus Hagen. 

ESSEX; Pt. Pelee. KENT: Big Pt., L. St. Clair (SL & WL); Thames R. near 
Prairie Siding; Chatham. LAMBTON: Walpole L, R. St. Clair; .Sarnia. ELGIN: 
St. Thomas (ABB). OXFORD: Tillsonburg. WATERLOO: Kitchener. HAL ION: 
Bronte Crk. HURON; Auburn. WELLINGTON: Guelph. PEEL: Erindale; Snel- 
grove; Credit Forks; Gibson L. YORK: Summerville; Toronto; Thornhill; Kelly L. 
(NF), NORTHUMBERLAND: Cobourg (DS). BRUCE; Saiigeen R. near South- 
ampton. GREY: Meaford (ST). SIMCOE: Alliston; Cook Bay, L. Simeoe. HAST- 
INGS: Belleville. CARLETON: Ottawa. MUSKOKA: Go Home Bay. PARRY 
SOUND: Frank’s Bay, L. Nipissing. ALGOMA: Thessalon. THUNDER BAY: 
Silver L, L. Superior. 

Still marshy waters, often abundant about temporary or semi- 
permanent ponds; mainly Carolinian and Transitional. The dates range 
from June 22 and 23 (Kelly L. and L. St. Clair) to Sept. 6 (Toronto). 
At DeGrassi Point, Lake Simcoc, w’hcrc a large number of records have 
been obtained, it has been found emerging during the last week in 
June and remains until near the end of August. It oviposits in tandem, 
in Typha and other aquatic plants, high above water. 

7. Lestes dryas Kirby (syn. L. uncalus Kby.) 

ESSEX; Pt. Pelee, KENT: Rondeau Park (SL & WL). MIDDLESEX; London. 
BRANT: Dumfries S. twp. WATERLOO; Galt. WENTWORTH: Hamilton. HAL- 
TON; Bronte Crk. WELLINGTON; Guelph. PEEL; Erindale; Snclgrove; Credit 
Forks; Gibson L. YORK; Summerville; Toronto; Vandorf; West Hill. DUFFERIN: 
Horning’s Mills (WER). GREY: Camperdown (NF). SIMCOE: Alliston; Essa twp.; 
Cook Bay, L. Simeoe; Wasaga Beach; Minnesing (WER). HASTINGS: Belleville. 
LEEDS; Brockvillc; Lyn (FPI). STORMONT: Cornwall (FPI). PRESCOTT: 
L'Orignal. CARLETON: Shirley’s Bay (FPI); Ottawa; Carlsbad Springs; Cyrville; 
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Brittania Bay; Mississippi R. near Galetta. MUSKOKA; Go Home Bay; L* of Bays. 
PARRY SOUND: Kearney. Burk’s Falls (FPI). RENFREW: Barbut Crk, MANU 
TOULIN: Killarney (NF); Fitzwilliam I.. Georgian Bay. NIPISSING: Frwich R. 
headwaters; Algonquin Park. TIMISKAMlNG: Latchford. ALGOMA: Hayden and 
Searchmont (EBW). THUNDER BAY; Current R. near Port Arthur. COCHRANE: 
Lowbush. L. Abitibi; Smoky Falls (RVW); Nettitichi Pt., James Bay (ESP), 

Generally distributed and very common about temporary or aemi- 
permanent ponds, also less frequently in permanent marshy waters. It 
is the earliest Lestes to emerge, the dates ranging from May 30 (Rondeau 
Park) to Aug. 25 (Gilford). At Lake Simcoe and Toronto its observed 
period of emergence is from June 2 to 19. It is most abundant during 
late June and early July. It oviposits in tandem, high above the water, 
in various standing aquatic plants. 

8. Lestes disjimctus Selys 

ESSEX; Pt. Petee. LAMBTON: Pt. Edward. MIDDLESEX; Midway Crk. 
near Arva. HURON; Aux Sables R. near Grand Bend. HALTON: Georgetown. 
PEEL: Inglewood (FPI); Credit Forks (WER); Snelgrove; Erindale; Gibson L. 
YORK: Mt. Dennis; Toronto; Kelly L.; Maskinonge R, BRUCE: Sauble Beach 
(NF). GREY: Thornbury. SIMCOE: Cook Bay, L. Simcoe. LEEDS: Brockville. 
CARLETON: Ottawa. MUSKOKA: Ksihshe L.; Dudley; Go Home Bay and Giant’s 
Tomb L, Georgian Bay; between Baysville and Bracebridge; L. of Bays (JHM); Port 
Sydney (NKB). PARRY SOUND: Nobel; Shawanaga; Point au Bari!; Kearney 
(FPI); Frank’s Bay, L. Nipissing, RENFREW: Stonecliffe. NIPISSING; headwaters 
of French R.; Algonquin Park; Obabika Crk. and L. Timagami (AWAB); Island Bay 
Crk. and Tomico R. (WER). TIMISKAMlNG: Timmins (NF); Latchford. THUN- 
DER BAY; Orient Bay, L. Nipigon; Black Sturgeon L., Nipigon; Silver L; Gull R. 
(CSH). COCHRANE: Lowbush, L. Abitibi. KENORA, Patricia section: Favourable 
L. region; Attawapiskat L. 

Slow streams, marshy lakes and bog ponds, prevalent on acid soils; 
generally distributed and common north of the Carolinian zone; the 
common Lestes in the north. The recorded range of adult life is from 
July 5 (Favourable L.) to Sept. 21 (DeGrassi Pt.). It is most abundant 
in August. 

9. Lestes forcipatus Rambur 

ESSEX: Pelee L (FMR. NF); Pt. Pelec (GSW). HALDIMAND: Caledonia. 
LINCOLN: Grimsby. PEEL: Snelgrove; Credit Forks; Erindale; Gibson L. YORK: 
Summerville; Toronto; Maskinonge R, BRUCE: Johnson’s Had>our (WL); SaUble 
Beach (NF). SIMCOE: Cook Bay, L. Simcoe. CARLETON: Black Rapids, Rideau 
R.(FPI). MUSKOKA: L. of Bays (JHM). PARRY SOUND: Point au Barih NIPIS- 
SING; Ko-ko-ko L., Timagami; Tomico R. TIMISKAMlNG; near Latchford. 
COCHRANE; Smoky Falls, Mattagami R. (RVW). 

Ponds and quiet streams, frequently temporary pools; generally 
distributed and fairly common in the southern counties, local northward. 
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It was abundant at Johnson’s Harbour in 1928 and at a small stream 
near Gilford in 1931. It is usually not very common in the vicinity 
of Lake Simcoe. June 16 (Gibson L.) to Sept. 6 (Toronto). 

10. LestM rectangularis Say 

ESSEX: Leamington (WJB); Pt. Pelee; Belle R. KENT: Big Pt., L. St. Clair 
(SL & WL); Rondeau Park; Prairie Siding; Wallaccburg. MIDDLESEX: Arva. 
OXFORD: TiIl»onl)urg. HALDIMAND: Caledonia. WELLAND: Gasline; Hewitt. 
H ALTON : Bronte Crk. HURON: Auburn. PEEL: Snelgrove; Credit Forks. YORK: 
Toronto; Donalda Farm (ST). ONTARIO: Glen Major (FPI). GREY: Meaford 
(ST); Thornbury. SIMCOE; Cook Bay, L. Simroe; Tioga; Washago; Athcrly Narrows 
(DSR); Sebright (CHC). LEEDS: l.yn (GSW). PRESCOTT: L’Orignal. CARLE- 
TON: Ottawa; Black Rapids, Rideau R. (FPI). MUSKOKA: Kahshc L.; Dudley; 
Go Home Bay and Giant's Tomb I., Georgian Bay; Port Sydney; L. of Bays (JHM). 
PARRY SOUND: Nobel; Kearney (FPI); Frank’s Bay. L. Nipissing. MANITOULIN: 
Fitzwtlliam 1. NIPISSING: Algonquin Park; Tomico R. KKNORA: Minaki; Favour- 
able L. region (seen). 

Quiet permanent waters, preferring backwaters of shady streams; 
generally distributed and common in southern Ontario, more local 
northward; June 15 to Sept. 21 (DeGrassi Point). In this region (L. 
Simcoe), however, it usually appears about the middle of July and 
remains until the third week in September, if not later. 

11. Lestes vigilax Hagen 

ESSEX: Pt. Pelee. LAMBTON: Sarnia. MIDDLESEX: London. YORK: 
Toronto. LEEDS; Lyn (FPI). CARLETON: Rideau R. (JHM). MUSKOKA: Go 
Home Bay. MANITOULIN; Fitzwilliam I. NIPISSING: headwaters of FVench R. 

Bog-margined lakes, apparently confined to southern Ontario, very 
local but usually abundant where it occurs. It has disappeared from 
Grenadier Pond, Toronto (a lake, not a pond), where it was abundant 
thirty years ago. June 16 to Aug. 26 (Go Home Bay). 

12. Lestes inaequalis Walsh 

ESSEX: Pt. Pelee. KENT: Rondeau Park. YORK: L. St. George. PRINCE 
EDWARD: East L. SIMCOE; Cook Bay. L. Simcoe. HASTINGS: Shannonville. 
LEEDS: Gananoque R., 4 mis. n. of Gananoque; Brockville; Lyn (FPI), 
CARLETON: Rideau R. (JHM). MUSKOKA: Go Home Bay. RENFREW: Snake R. 

Slow streams and lagoons, flying farther out from shore than usual 
in this genus; mainly Carolinian, not uncommon at Point Pelee and 
Rondeau Park but, in general, somewhat rare and local. May 30 (L. St. 
George) to Aug. 6 (DeGrassi Pt.). It is an early species, having been 
taken only once after the end of July. 



218 


Transactions of the Royal Canadian Institute 


COENAGRIIDAE 

13. Argia moesta (Hagen) 

ESSEX: Pelee I. (NF, GSW). KENT: Thames R., in Orford twp, MIDDLESEX; 
Midwa}^ CVk. near Arva. OXFORD: Tillisonburg; Thamesford. BRANT: Glen Morris 
(NF). HALDIMAND: Grand R, at Caledonia. HURON: Maitland R. at Auburn 
and near Goderich; Egmoiidsville (JGO). WELLINGTON: Guelph. PEEL: Erindale; 
Credit Forks, YORK; Humber R. at Mt. Dennis; Don R. at Donalda Farm (ST). 
BRUCE: Saugeen R. near Southampton. GREY: Sydenham R., Owen Sound; Mea- 
ford (ST). SIMCOE: Nottawasaga R., Kssa twp.; Stroud. PETERBOROUGH: 
Stony L.; Lovesick L. HASTINGS: Moira R. near Belleville. LEEDS: Brockville. 
LANARK: Perth. PRESCOTT: Nation R. at Plantagenet. CARLETON: Ottawa; 
Cyrville; Mississippi R. near Pakenham; Sand Hill, Rideau R. (FPI). MUSKOKA: 
Go Home Bay and Musquoah R.; Kahshe L.; Kahshe R.; Port Cockburn; Dorset; 
Norway Pt., L. of Bays (JHM); Port Sydney (NKB); Clear L., L. of Bays (FPI). 
PARRY SOUND: Frank’s Bay, L. Nipissing. RENFREW: Petawawa R. (VEH); 
Arnprior. NIPISSING: Algonquin Park (JHM); Oxtongue R.; Joe L., Burnt Island 
L., Smoke L., Ragged L., all in Algonquin Park; Wap Crk., Algonquin Park (WER); 
Timagami L.; Gull Lake Torrent, Timagami (WER); Kaybuskong R. 

Rapid streams, usually with projecting boulders, and the larger 
lakes with rocky shores; very abundant in southern Ontario but not 
known from western nor northern Ontario; absent from Lake Simcoe, 
although abundant on the Nottawasaga River. 

At Erindale, on the Credit, A. moesta has been taken from June 7 
to Sept. 12 and doubtless flies both earlier and later. On June 7, 1939, 
thousands of tenerals were flying in the river valley in this vicinity. 
Many had just emerged but some had evidently been flying for a few 
days. Some had scattercnl up the slopes of the valley nearly to the 
top. At Go Home Bay emergence was observed from about June 26 
until July 5. Our latest recorded date is Sept. 19 (Port Cockburn). 

14. Argia apicalis (Say) 

KENT: Thames R. at Chatham; Orford twp.; Prairie Siding. ELGIN; St. Thomas. 
MIDDLESEX: Thames R. at London, Delaware and Wardsville. OXFORD: Tillson- 
burg (Otter R.); Ingersoll. HALDIMAND: Grand R. at Caledonia. 

Rivers, frequenting quieter waters than A, moesta f usually with a 
soft bottom; abundant on the Thames. It flies over the vegetation 
along the banks and tends to wander a considerable distance from the 
water. It is a Carolinian species, reaching its northern limit in this 
part of the Province. The range of dates is from June 24 to Aug. 13. 
On June 24 and 25, 1934, the majority of individuals (at Chatham) 
were tenerals but a considerable number were fully coloured; while on 
Aug. 13, 1935, at the same locality, the great majority were mature 
but there were still many females that had no blue colour. The period 
of emergence thus appears to be a long one. 
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15. Argia tibialis (Ranibur) 

ELGIN: 2 mis. south of Wardsville (Middlesex), 17. VL 1922, 2d^, 1 9. 

Found along a small stream in company with A, violacea, Evallagma 
exsulans and £. antennatum. This species belongs strictly to the Caro- 
linian zone and is evidently very rare in Ontario. 

16. Argia translata Hag(m 

KENT: Thames R. near Chatham, 25. \T. 1934, Id^, 19. 

A pair in tandem wen' taken while ovipositing in a bed of Myrio- 
phylluni near the river bank. Another pair, recognized by its dark 
colour, was S(‘en. ('arolinian to Tropical, reaching its extreme northern 
limit here. 

17. Argia sedula (Hagen) 

KENT: Thames R. in Orford twp., 28. VI. 1934, and 12. VTII. 1935. 

On the first date it was not uncommon along the banks of a sluggish 
part of the river. On the second date it was abundant in the shrubby 
vegetation close to the water, where the latter was three' or four feet 
deep with a gentle current. Another strictly Austral species, not known 
elsewhere in Canada. 

18. Argia violacea (Hagen) 

ESSEX: Leamington. KEN't: Kothwell (GSW); Thames K. in Orford twp.; 
Morpeth. ELGIN; Springer Crk.; Port Stanley; Port Bruce; St. Thomas. MIDDLE- 
SEX; Wardsville; Arva. OXFORD: Tillsoiiburg; Thamesford. BRANT: Princeton. 
HALDIMAND; Caledonia, LINCOLN: St. Catharines. WATERLOO: Galt (NF). 
HURON: Maitland R. at Egmondsvillc (JCiO); Goderich; Auburn. PEEL: Snelgrove 
(JW); Erindale. YORK: Toronto. GREY: Owen Sound. SIMCOE: Nottaw’asaga 
R., Essa twp.; Cook Bay, L. Simroe. LEEDS: Gananoque R. and St. Lawrence R., 
near Gananoque; Lyn (GSW). CARLETON: Ottawa. MUSKOKA; Go Home Bay; 
Port Carling; Baysville. PARRY SOUND: Shawanaga. RENFREW: Heeney Crk. 
NIPISSING: headwaters of French R.; Algonquin Park; Ko-ko-ko L., Timagami. 

Small or shallow streams with a gentle current, especially those 
with a clay or stony bottom; common and generally distributed through- 
out southern Ontario. The earliest recorded date is J une 16 (Leamington) 
The numerous dates recorded from Simcoe Co. range from June 30 to 
Aug. 19. 

19* Enallagma clausum Morse 

NIPISSING: Goose L, Sandy L. and other islands in Lake Nipissing near the 
headwaters of the French R., 11, 15. VI 1. 1929. 

In lakes, in the above cases apparently developing from Scirpus 
beds; chiefly western in distribution. 
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20. Enallagma boreale Selys 

WELLAND: Niagara Glen. WATERLOO: Kitchener. HALTON: Georgetown. 
WELLINGTON: Guelph. PEEL: Snelgrove; Gibson L. YORK: Toronto; Bond L.; 
Wilcox L. DUFFERIN: Horning’s Mills (FPl, WER). SIMCOE: Cook Bay and 
Sand I. (DSR), L. Simcoe; Singhampton (WER). VICTORIA; Bobcaygeon (JHM). 
HASTINGS: Belleville. FRONTENAC; Silver L. LANARK; Perth; Innlsville; 
Fall R. GLENGARRY: Lancaster (NJI). PRESCOTT: L’Orignal. CARLETON: 
Ottawa (JHM); Bell’s Corners. MUSKOKA: Go Home Bay; L. of Bays OHM) 
Baysville. MANITOULIN: Killamey (NF). NIPISSING: Goose I.' and Sand L., 
L. Nipissing; French R. (WER); Algonquin Park; L. Timagami (AWAB). THUNDER 
BAY: Nipigon; Orient Bay, L. Nipigon; Current R. at Port Arthur (GKJ); Silver 1. 
COCHRANE: Lowbush and Ghost R., L. Abitibi; Smoky Falls (RVW). KENORA: 
Minaki (JHM); Favourable L. region; Attawapiskat L.; Fort Severn, Hudson Bay 
(CEH). 

Generally distributed but essentially boreal, an abundant and 
dominant species in the Canadian zone, where it frequents most of the 
quiet, marsh-bordered waters; more local southward, appearing in early 
spring in comparatively small numbers, before the swarms of E. hageni 
and ebrium have developed. The dates of adult life in southern Ontario 
range from May 16 (Wilcox L.) to July 9 (DeGrassi Pt.). The latest 
date recorded is Aug. 2 (Current R.) but it probably flies still later at 
this latitude and farther north. Northern specimens are larger and 
more robust than southern ones, the largest being from Fort Severn, 
on the coast of Hudson Bay. 

21 . Enallagma cyathiferum (Charp.) 

NORFOLK: Long Pt. YORK: Toronto I.; Kelly L. DUFFERIN: Horning’* 
Mills (WER). PRINCE EDWARD; East L. SIMCOE: DeGrassi Pt. LEEDS; St. 
Lawrence R. near Gananoque. MUSKOKA: Go Home Bay; L. of Bays (JHM). 
THUNDER BAY: Current R. at Port Arthur; Nipigon; Gull R. near L. Nipigon 
(CSH); Silver I., L. Superior. COCHRANE: Smoky Falls (RVW). KENORA, 
Patricia section: Favourable Lake region; Attawapiskat L. 

Still marshy waters, common in the northwest, elsewhere scattered 
although sometimes locally plentiful. The earliest date is June 4 (Kelly 
L.). In the Thunder Bay District the dates range from June 18 to Aug, 8 
(both at Nipigon). As in the case of £. boreaU the size tends to increase 
northward. 

22. EnaUagma hageni (Walsh) 

ESSEX: Point Pelec. KENT: Rondeau Pork; Chatham. NORF(H-K: Long Pt.; 
Normandale (GSW). OXFORD; Thamesford. HALDIMAND: Port Maitland (NF); 
Dunnville. WELLAND: Welland R. near Hewitt; Caalioe; Chippaom; Niagara Fall*: 
Niagara Glen. WATERLOO: Galt. PEEL: Snelgrove; Credit Forks. YORK; Toronto 
Kelly L.; Bond L.; Wilcox L.; Matkinonge R. ONTARIO; Roeebank (PH), PRINCE 
EDWARD: Sand Hills; East L.; West L. GREY; Meoford (ST). SIMCOE: Notta- 
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wataga R., Essa twp.; Cook Bay, L. Simcoe; Wasaga Beach; Singhampton (WER). 
HASTINGS; Belleville. LEEDS: Brockvilie. LANARK; Perth. PRESCOTT: 
L^Orignal; Plantagenet. CARLETON; Ottawa; Mississippi R. near Galetta and 
Pakenham; CarUbad Springs. MUSKOKA: Go Home Bay; Kahshe R. and L.; Mactier ; 
between Baysville and Bracebridge; Dorset; L. of Bays (JHM). PARRY SOUND: 
Kearney (FPI); Frank's Bay, L. Nipissing. RENFREW: Moore L.; Petawawa Forest 
Res. (VEH). MANITOULIN; Killarney (NF); Fiuwilliam L NIPISSING: islands 
in L. Nipissing and headwaters of French R.; Algonquin Park; Earl L. near Mattawa; 
L. Umagami, Ko-ko-ko L. and Lowell L., Timagami; near Tomico R.; 12 miles s. of 
Latchford; Twin Pine Camp, Ottawa R. ALGOMA: Heyden and Searchmont (EBW). 
SUDBURY: Gogama (JKM). THUNDER BAY: Fort William; Nipigon; Orient Bay, 
L. Nipigon; Gull R. (CSH); Silver I. COCHRANE: Lowbush, Long Point and Ghost 
R., L. Abitibi. 

Generally distributed as far north as the Hudson Bay watershed; 
one of the most abundant of Ontario Zygoptera, frequenting marsh- 
bordered lakes, slow streams and sometimes bog ponds. The dates 
range from June 1 (Toronto) to Aug. 29 (L. Simcoe). It is most abundant 
in late June and July and the season of flight is practically over by 
mid-August. 

23. EntUagma geminatum Kellicott 

KENT: Thames R. in Orford twp. YORK: Toronto; Maskinonge R. SIMCOE; 
Cook Bay, L. Simcoe; Sebright (CHC). LEEDS: Lyn (FPI). MUSKOKA: 8 miles 
n.c. of Port Severn (OAP). 

Quiet marshy streams and lakes, mainly Carolinian and very local 
in Ontario. It was not uncommon at Grenadier Pond about 30 years 
ago but has now almost disappeared. It has appeared only once at 
DeGrassi Pt. (Cook Bay), Lake Simcoe, during more than thirty years 
of collecting there, and then in very small numbers at the mouth of a 
quiet stream. It has been found on the Quebec side of the Ottawa 
River. June 28 (Thames R.) to Sept. 3 (Toronto). 

24. EnaUagma ebrium (Hagen) 

ESSEX: Pt. Pclee; Belle R. KENT: Big Pt., L. St. Clair (SL & WL); Prairie 
Skitag and Paincourt; Rondeau Park. ELGIN: St. Thomas; Springer Crk.; Port 
Stanley. MIDDLESEX: London. NORFOLK: St. Williams; Long Pt.; Normandale 
and Fisher's Glen (GSW). OXFORD: Tillsonburg; Ingersoll. BRANT: Dumfries S. 
twp. HALDIMAND: Port Maitland (NF). WELLAND: Niagara Falls. LINCOLN: 
Jordan (GSW), WATERLOO: Dumfries N. twp. HALTON: Georgetown. WEL- 
LINGTON; Guelph. PEEL: Snelgrove; Erindale; Credit Forks; Gibson L. YORK: 
Toranto; Wilcox L.; Kelly L.; Maskinonge R. DURHAM; Bethany. NORTHUMBER- 
LAND: Cobourg. PRINCE EDWARD: Sand Hills; East L. GREY: Meaford (ST). 
$IMC0B: Nottawasaga R. near Alliston; Cook Bay, L. Simcoe; Singhampton (WER); 
Orillia (JHM). VICTORIA: Bobcaygeon (JHM). HASTINGS: Belleville; Shannon- 
ville; Black lU LEEDS: Gananoque R. and St. Lawrence R. near Gananoque; Brock- 
vme. PRESCOTT: Pianugenet. CARLETON: Ottawa; Carlsbad Springs; BrUtania 
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(GB); Shirley Bay (CBH); Mississippi R. near GaletU and Pakenham. MUSKOKA: 
Go Home Bay; L. of Bays (JHM). PARRY SOUND; Nobel. RENFREW: Snake 
R. N I PISSING: bog ponds near headwaters of French R.; Algonquin Park; L. Tima- 
gami (AWAB). SUDBURY; Sudbury (JDE). THUNDER BAY: Silver I. COCH- 
RANE; Smoky Falls (RVW). KENORA: Minaki. 

Generally distributed and very abundant in southern Ontario, more 
local northward; frequenting still marshy waters, apparently preferring 
calcareous soils. In bog ponds and other acid waters it is much less 
common than E, hageni and is sometimes dwarfed. In general it is the 
most abundant Enallagina of still waters in extreme southern Ontario. 
The dates range from June 2 (Toronto) to Aug. 18 (DeGrassi Pt., 
pair in cop.). On June 2, 1936, many mature males were flying over 
a pond in the Don Valley, Toronto, but the great majority had recently 
emerged. 


25. EnaUagma exaulans (Hagen) 

ESSEX: Belle R.; Puce. KENT: Thames R. at Chatham and in Orford twp.; 
Rondeau Park; Prairie Siding. ELGIN: St. Thomas; Springer Crk.; Fort Stanley; 
Port Bruce. MIDDLESEX: Wardsville; Arva; London; Delaware. NORFOLK: Port 
Dover; Port Ryerse; St. Williams; Normandale (GSW). OXFORD: Tillsonburg; 
Thamesford; Putnam (GSW). BRANT: Princeton. HALDIMAND: Caledonia. 
WELLAND: near Niagara Glen. WATERLOO: Galt. HALTON: near Palermo. 
HURON: Aux Sables R, near Grand Bend; Maitland R. at Auburn and near Goderich; 
Egniondsville (JGO). PEEL; Erindale. YORK: Toronto; Woodbridge. ONTARIO: 
Glen Major (WER). NORTHUMBERLAND: Cobourg. BRUCE: Saugeen R. near 
Southampton. GREY: Thornbury. SIMCOE: Nottawasaga R. in Essa twp.; Cook 
Bay, and Sand L (LSR), L. Simcoe; Severn (JHM). PETERBOROUGH: Lovesick 
L. HASTINGS: Belleville; Shannonville. LEEDS: Gananoque R.; Brockville; Lyn 
(GSW). LANARK: Perth. PRESCOTT: near Point Fortune, Que.; Plantagenet. 
CARLKTON: Ottawa; Cyrville; Mississippi R. near Galetta and Pakenham. MUS- 
KOKA; Go Home Bay; Kahshe R. and L. PARRY SOUND: Shawanaga; Frank’s 
Bay, L. Nipissing. NIPISSING: Algonquin Park; Kaybuskong R. 

Rivers and larger creeks with a gentle current, more rarely on lake 
shores; abundant throughout Southern Ontario and doubtless occurring 
farther north than the records indicate. June 11 to Sept. 7 (L. Simcoe); 
Sept. 19 (Woodbridge). It is most abundant from late June to early 
August . 

26. Enaliagma cansnculatum Morse 

ESSEX: Pelee 1. (NF); Pt, Pelee (FMR); St. Joachim; Belle R. KENT: Rondeau 
Park; Johnson's Ft., Johnson R. LAMBTON; St. Anne and Walpole Is.; Courtright; 
Point Edward. NORFOLK: St. WUUams; Normandale (GSW). HALDIMAND i 
Caledonia; DunnvUIe; Port Maitland (NF). WELLAND; Port Colborne. WENT- 
WORTH: Burlington Beach. HURON; Egmondvilie (JGO), PEEL: Credit Forks 
(WER). YORK; Toronto; Donalda Farm, Don R. (ST); Kelly L, ONTARIO; Glen 
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Major (WER). BRUCE; Southampton. SIMCOE; Cook Bay, L. Simcoe. PETER- 
BOROUGH; Lovesick L. HASTINGS; Belleville. CARLETON: Mackay L. and 
Rockcliffe (JHM). MUSKOKA; Go Home Bay; 8 miles n.e. of Port Severn (OAP); 
Kahshe R. PARRY SOUND; Frank’s Bav, L. Nipissing. NIPISSING: Sandy I,. 
L. Nipissing; Talon L. (FIM); Ottawa R. at Twin Pine Camp. KENORA; Minaki. 

Rivers and lakes, frequenting: Scirpus and Potamoj^eton beds in 
deeper water and often more exposed situations than is usual with 
Enallag:nias; abundant and K<^nerally distributed in southern Ontario, 
occurrinj^ also in the extreme west. The earliest and latest dates are 
June 3 (Rockcliffe) and Sept. 25 (Toronto). At Lake Siniroc the season 
of Hight usually begins about th<' first week of July and reaches its 
height in late July. I'enerals were observa^d at Burlington Beach on 
Aug. 29, 1935, and a few individuals doubtless fly in some seasons until 
the end of Sc'ptember. This species and E. exsulans are the common 
Enallagmas of late summer. 

27. Enallagma civile (Hagen) 

KENT; Thames R. 8 miles below Chatham; Prairie Siding; Oiford twp. KI-GIN; 
Port Bruce (NF). HALDIMAND; Dunnville. WELLAND; Port Colborne. YORK; 
Toronto, Simcoe Beach. KENORA; Minaki. 

Rivers and lake shores, very local in Ontario where it is known 
only from the extreme south and the w'cst; abundant in Manitoba. 
June 20 (Port Colborne) to Sept. 12 (Toronto). 

28. Enallagma aspersum (Hagen) 

MUSKOKA; Norway Pi., L. of Bavs, 11. \’IL 1920 (JHM); Hunuville (AW). 
NIPISSING; Algonquin Park (JHM). 

A bog-pond species, extremely local in eastern Canada; mainly 
austral in distribution. 

29. Enallagma antennatum (Say) 

ESSEX; Pt. Price; St. Joachim; Belle R. KENT; Johnson's Point, Johnson R.; 
Prairie Siding; Thames R. at Chatham and in Orford twp. LAMBTON; Sr. Anne 
and Walpole Is.; St. Clair R. near Courtright; ELGIN; Port Stanley; Port Bruce; 
St. Thomas; Springer Crk. MIDDLESEX: Wardbville. OXFORD; Thamesford. 
HALDIMAND: Caledonia. WELLAND: Welland R. near Hewitt. WATERLOO; 
Kitchener; Galt. PEEL; Erindalc. YORK: Toronto; Lambton; Don R. near Thorn- 
cliffe (JGO). NORTHUMBERLAND; Cobourg. SIMCOE; Nottawasaga R. in 
Essa twp.; Cook Bay, L. Simcoe. PF-TERBOROUGH: Peterborough. HASTINGS: 
Belleville; Shannon ville. LEEDS; Gananoque R. DUN DAS; Iroquois. PRESCOTT; 
Plantagenet. CARLETON; Rideau R. (JHM); Carlsbad Springs; Cyrville; Mississippi 
R. near Galetta and Pakenham. 

Abundant along quiet streams, especially in deep clay soils, Carolinian 
and Alleghanian, south of the Pre-Cambrian Shield. June 9 (Toronto) 
to Aug, 14 (Courtright). 
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30. Enallagma ticnatum (Hagen) 

ESSEX: Pt. Pelce (GSW); Puce. KENT; Prairie Siding; Chatham; Orford twp. 
YORK: Toronto; Maskinonge R. BRUCE: Chesley L. (GSW). SIMCOE: Cook 
Bay, L. Simcoe; Waubaushene. HASTINGS: Belleville. EEEDS: Brockville (FPI); 
Lyn (GSW). CARLETON; Rideau R. near Ottawa (JHM); Shirley Bay (CBH). 
MUSKOKA; Go Home Bay. PARRY SOUND: mouth of &nd Crk., L. Nipiwing. 
MANITOULIN: Killarney; Fitzwilliam 1. 

Broad, quiet streams, flying close to the water well away from the 
shore; doubtless generally distributed throughout southern Ontario. 
The earliest and latest dates are June 15 (Toronto) and Sept. 9 (Cook 
Bay), but it does not usually become common until late in July. Many 
tenerals as well as mature individuals appeared on the Thames River 
near Prairie Siding on Aug. 13, 1935. 

31. EnalUgma vesperum Calvert. 

ESSEX: Pt. Pelee (FMR). KENT: Rondeau Park. YORK; Toronto; Maskinonge 
R. HASTINGS: Belleville. MUSKOKA; Go Home Bay. 

Marshy lakes, lagoons and broad, quiet streams, very abundant at 
Point Pelee and fonnerly at Grenadier Pond, Toronto, local northward; 
chiefly a Carolinian species. June 18 (Pt. Pelee) to Aug. 29 (Toronto). 
Specimens from Point Pelee taken on June 18 were teneral or at least 
young and were taken on shore. Later they fly over the open water 
like £. signatum. 

32. Coenagiion reaolutum (Hagen) 

ESSEX: Pt. Pelee (GSW). MIDDLESEX: London. HALDIMAND: Oneida 
twp. HALTON: Georgetown. PEEL: Lome Park; Snelgrove; Erindale. YORK: 
Toronto; Kelly L.; Wilcox L. ONTARIO: Roaebank (PH). SIMCOE: Nottawaaaga 
R. near Alliston; Cook Bay, L. Simcoe; Orillia (CHC). VICTORIA; Bobcaygeon 
(JHM). LEEDS: Brockville. LANARK: InniaviUe. PRESCOTT; L’Orignnl. CARLE- 
TON; MacKay L., RockcUfle (JHM); Ottawa; MiMiiaippi R. near Galetta. MUS- 
KOKA: L. of Bays (JHM); between Bayaville and Bracebri^e. RENFREW: Snake 
R.; Port Alexander. N1 PISSING: Cache L. (JHM) and Joe L., Algonquin Paiic. 
ALGOMA; Little Carp R. THUNDER BAY: Nipigon; Orient Bay., L. Nipigon; 
Gull R. (CSH); Silver I. COCHRANE: Lowbush and Ghost R., L Abitibi; Smoky 
Falla (RVW); tidal creek near Hurricanaw Bay, James Bay (ESP); Mooeonee. KEN- 
ORA; Miuaki; Favourable L. and Attawapiakat L., Patricia Settion; Fort Severn, 
Hudson Bay (CEH), 

Still marshy or boggy waters, common and generally distHbuted in 
the north, more local southward, where the season of flight Is early 
and brief, beginning before the end of May and usually over by die 
end of June. At Toronto and Lake Simcoe the dates range from May 
23 (Toronto) to June 24 (OeGrassi Point) and there are reootds from 
bog ponds near Snelgrove and London as late as June 80 and July 1. 
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In the Favourable Lake region of Northern Ontario, it was found 
emerging on June 3, tcnerals were taken on June 11, and mature 
individuals were found as late as July 21. 

Specimens from Fort Severn are remarkably large and heavily 
marked, with the pale humeral stripes constantly divided. 

33. Coenagrion interrogatum (Hagen) 

THUNDER BAY: Nipigon; Orient Bay, L. Nipigon; Silver I., L. Superior. 
COCHRANE: Lowbush, L. Abitibi. KENORA: Minaki (JHM); Favourable L. 
region, Patricia section. 

Cold bogs or muskegs, strictly boreal and probably found much 
farther north than the above records indicate. June 3 (Favourable L. 
region) to July 25 (L. Abitibi). Specimens taken on the first date were 
teneral. 


34. Coenagrion angulatum Walk. 

KENORA: Minaki, 4. VII. 1928 (JHM). 

A boreal species of the Central Plains, probably ranging but a short 
distance into Western and doubtless Northern Ontario, It inhabits 
ponds and slow streams in deep soils. 

35. Nehalennia Irene Hagen 

ESSEX: Pt. Pclee. KENT: Big Point, L. St. Clair (SL ^ WL); Rondeau Park. 
ELGIN: Port Stanley. MIDDLESEX: London. NORFOLK: Long Pt.; Fisher's 
Glen (GSW). OXFORD: Tillsonburg. BRANT: Glen Morris (NF). WELLAND; 
Niagara Falls. WATERLOO: Galt. HALTON: Georgetown. PEEL: Siiclgrove; 
Credit Forks; Gibson L. YORK: Summerville; Toronto; North York twp.; Newmarket; 
Wilcox L.; Kelly L. DUFFERIN: Horning’s Mills (FPI). ONTARIO: Rosebank 
(PH). NORTHUMBERLAND: Trenton (JDE). PRINCE EDWARD; East L. 
SIMCOE: Cook Bay, L. Simeoe. VICTORIA: Bobcaygeon (JHM). HASTINGS; 
Belleville. LEEDS: Brockville. PRESCOTT: L'Orignal. CARLETON; Ottawa; 
Carlsbad Springs. MUSKOKA; Go Home Bay and Giant’s Tomb I., Georgian Bay; 
Norway Pt., L. of Bays (JHM); Baysville. PARRY SOUND: Frank’s Bay, L. Nipis- 
sing. RENFREW: Snake R.; Port Alexander; Stonecliffe. NIPISSING: L. Nipissing 
(WER); French R. near headwaters; Algonquin Park; L. Timagami (AWAB). AL- 
GOMA: Stony L. (EBW). THUNDER BAY: Orient Bay. L. Nipigon; Silver L; 
Gull R. (CSH), COCHRANE; Lowbush and Ghost R., L. Abitibi. KENORA: 
Favourable Lake region. 

Still marshy or boggy waters, especially peat bog ponds, where it is 
often exceedingly abundant; generally distributed northward to beyond 
the Hudson Bay watershed, but probably not reaching the northernmost 
regions of the Province, since it appears to be quite rare at the latitude 
of Lake Abitibi and Favourable Lake. The recorded dates, from May 22 
(Toronto) to Aug. 19 (Cook Bay), appear to represent approximately 
the seasonal range in southern Ontario. 


s 
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36. Nehalennia gracilis Morse 

PEEL: Snclgrove. MUSKOKA: Go Home Bay. 

Restricted to sphagnum bog ponds, extremely abundant in the 
vicinity of Go Home Bay; much less so at Snelgrove, where it is associ- 
ated with N. irene. May 30 (Snelgrove) to Aug. 12 (Go Home Bay). 

37. Ischnura posita (Hagen) 

KENT: Aldborough twp. ELGIN: Port Stanley. MIDDLESEX: Arva; Delaware. 
OXFORD: Tillsonburg; Thamesford. WELLAND: Niagara Falls; St. Davids (GSW). 
PEEL: Credit Forks; Erindale. YORK: Toronto. DUFFERIN: Horning’s Mills 
(CPI). ONTARIO: Whitby (GSW). GREY: Thornbury. SIMCOE: Cook Bhy, L. 
Simcoe; Singhampton. LEEDS: Gananoque R., near Gananoque. CARLETON; 
Ottawa. 

Spring bogs and slow, marsh-bordered streams, not uncommon in 
southern Ontario but never abundant. June 4 to Sept. 9 (Cook Bay). 
Most of the records were obtained at this locality. 

38. Ischnura verticalis (Say) 

ESSEX: Pt. Pelee; Belle R.; Puce; St. Joachim. KENT; Big Point, L. St. Clair 
(SL 5r WL); Prairie Siding; Dover Centre; Chatham; Orford and Aldborough twps.; 
Rondeau Park, LAMBTON: St. Anne and Walpole Is., St. Clair R.; Courtright; 
Point Edward; Sarnia. ELGIN: Port Bruce; Port Stanley; St. Thomas; Springer Crk. 
MIDDLESEX; Delaware; Arva; Wardsville. NORFOLK: Norfolk (TNF); Norraan- 
dale (GSW); Long Pt.; St. Williams; Port Dover; Port Ryerse. OXFORD: Tillsonburg; 
Thamesford. BRANT: Princeton; Glen Morris. HALDIMAND: Caledonia; Ounn- 
ville; Oneida twp. WELLAND: Niagara Glen; Niagara Falls; Chippawa; Crystal 
Beach; Gasline; Port Colborne; Hewitt. LINCOLN: St. Catharines* WATERLOO: 
Galt. WENTWORTH: Hamilton; Burlington Beach; Albcrton. HURON: Aux 
Sables R. near Grand Bend; Goderich; Auburn; E^mondville QGO), PEEL: Snelgrove; 
Credit Forks; Erindale. YORK: Toronto; Thornhill; Kelly L«; Bond L.; Wilcox L^; 
near Holland Landing; Maskinonge R. DUFFERIN: Horning’s Mills (W£R). 
ONTARIO: Claremont; Glen Major (WER). NORTHUMBERLAND: Trenton 
(JDE); Cobourg. PRINCE EDWARD: Picton (NF); Bloomfield; Sand Hills; East 
L. GREY: Owen Sound; Thornbury; Meaford (ST); Camperdown (NF). SIMCOE: 
Nottawasaga R., Essa twp.; Cook Bay, L. Simcoe; Tioga; Atherly Narrows (DSR); 
Orillia (CHC); Singhampton (FPI); Washago. PETERBOROUGH: Havelock. 
HASTINGS; Belleville; Shannonville. FRONTENAC; Silver L. LEEDS; near 
Gananoque; Brockville; Lyn (GSW). LANARK: FaU R., Innisville; Perth. DUNDAS: 
Iroquois. PRESCOTT: L’Orignal; Flantagenet. CARLETON: CyrviUe; Ottawa; 
Kettle I ., Ottawa R. ; Carlsbad Springs; Mksissippi R. near Galetta and near Pakenham. 
MUSKOKA: Go Home Bay; Kahshe R.; Port Sydney; Port Carling; bog t>Oiid between 
Baysville and Bracebridge; Dorset; Black L. and Norway Pt., L» of Bays 0HM)< 
PARRY SOUND: Sand Crk. and Frank's Bay, L. Nipissing. RENFREW: Snake R.; 
Port Alexander; Stonecliife; Barbut Crk. NIPISSING: Algonquin Park; headwaters 
of French R.; Earl L. near Mattawa; Obabika L., Timagaml. ALGOMA: Stony L. 
(EBW). THUNDER BAY: Nipigon; Orient Bay, L. Nipigon; Silver L 
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Still, marsh-bordered streams, lakes and ponds; generally distributed 
throughout Southern Ontario, rare and local farther north and apparently 
not reaching the Hudson Bay watershed. In general, it is the commonest 
damsel-fly in southern Ontario. The seasonal range is the longest of 
any species, except Anaxjunius, the dates ranging from May 6 (Toronto) 
to Oct. 16 (DeGrassi Pt.). They do not usually appear, however, before 
May 15 or 20. While adults may emerge at any time during this period, 
the majority appear in early June and there is another lower peak of 
emergence in the second half of August. 

39. Anomalagrion hastatum (Say) 

OXFORD: Tillsonburg, Aug. 10, 1935. WELLAND: l^oint Abino (Van Diuee, 
'97, nec Williamson, ’07). 

A few young individuals, some just emerged, were taken from the 
edges of pools in an upland spring bog and a single individual from 
another small boggy pool in the valley of the Otter River. 

40. Amphiagrion saucium (Burm.) 

KENT: Bothwell (GSW). ELGIN: Port Stanley; Port Burwell. NORFOI.K: 
Delhi and Normandalc (GSW). OXFORD: Tillsonburg; Thamesford. BRANT: 
Glen Morris (NF). LINCOLN: St. Catharines. WATERLOO: Dumfries N. twp. 
WELLINGTON: Guelph. PEEL: Erindale; Credit Forks; Orangeville (WKR). 
YORK: Summerville; Toronto. DUFFERIN: Horning's Mills (FPI). ONTARIO: 
Whitby; Glen Major (WER). BRUCE: Red Bay (NF). SIMCOE: Cook Bay, L. 
Simeoe. CARLETON: Ottawa; Cyrville. 

Spring runs and springy bogs, common where its restricted type of 
habitat occurs. The earliest arid latest dates on which adults have 
been recorded arc June 11 (Gilford) and Aug. 8 (Summerville) but 
emergence certainly begins before the first of these dates. 

41. Chromagrion conditum (Hagen) 

ELGIN: Port Stanley. OXFORD: Thamesford. WATERLOO: Kitchener; 
Dumfries K. twp. PEEL: Erindale; Credit Forks. YORK; Summerville; Toronto; 
North York twp.; Maskinonge R. SIMCOE: Cook Bay, L. Simeoe. CARLETON: 
Ottawa. MUSKOKA:GoHomeBay;BlackL., L.of Bays(JHM). PARRY SOUND; 
Sand Cfk., Frank’s Bay, L. Nipissing. RENFREW: Big Tucker Crk. NIPISSING: 
near headwaters of French R.; Algonquin Park. ALGOMA: Stony L. (EBW); Little 
Carp R. (col?), COCHRANE: Long Pt.. L. Abitibi. 

Small shady streams, usually near springs; generally distributed. 
Emergence has been observed at Lake Simeoe from May 30 to June 12, 
and adults may be found until the middle or the third week of July. 
May 21 (North York twp.) to Aug. 4 (Stony Lake). 
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ANISOPTERA 

Abschnidae 

42. Boyeiia vinosa (Say) 

HURON: Maitland R. at Auburn. PEEL: Credit Fork# (WER); Inglewood 
(FPI). YORK: Highland Crk. SIMCOE: Nottawasaga R., Essa twp.j Cook Bay, 
L.Sitncoc. LEEDS: Brockville (FPI): Lyn(GSW). MUSKOKA: Kahshe R. PARRY 
SOUND: Kearney (FPI); Shawanaga R. (PH); Sand Crk., Frank’s Bay, L. Nipissing. 
N1 PISSING: Grape L. (WER), Algonquin Park; Wilson L., 16 miles s. of L. Timagami 
(WER); streams entering L. Timagami (WER, JGO). ALGOMA: Heyden and Search- 
mont (EBW). COCHRANE: Kenogami R. (WJW). 

The nymphs inhabit gently flowing streams, preferably with a 
stony bed and clear or peat-stained water; generally distributed and 
often common where these conditions obtain, e.g., in the Pre-Cambrian 
regions. The season is a late one, the dates ranging from July 13 (L. 
Nipissing) to Sept. 22 (Highland Crk.). It is most abundant in August 
and probably flies until October. 

43. Boyeria graflana Wmsn. 

YORK: Jackson’s Pt., L. Simcoc (DSR). ONl'ARIO: Balsam. BRUCE: Saugeen 
R. near Southampton. GREY: Sydenham R., Owen Sound. SIMCOE: Cook Bay, 
L. Simeoe. CARLETON; Ottawa (WHH). MUSKOKA: Go Home Bay; Bala (AGH); 
Port Cockburn; Glenmount, L. of Bay# (FPI). PARRY SOUND: Frank’s Bay, L. 
Nipissing; Shawanaga R. NIPISSING: Algonquin Park; Wilson L. (WER); L. Tima- 
gami; Lowell L. ALGOMA: Heyden and Searchmont (EBW); Blind R. (PH). 
THUNDER BAY: Orient Bay, L. Nipigon. COCHRANE: Nagagami R., 15 miles 
up (WJW). 

Rocky margins of lakes and channels, and rapid streams, especially 
in the Pre-Cambrian regions, where it is abundant; common at DeGrassi 
Pt., along the boulder-strewn shore of Lake Simeoe. It is predominantly 
a species of lakes and swift, clear streams, being absent from the quieter 
streams where B. vinosa occurs. It is largely crepuscular in habit. The 
seasonal range is about the same as that of B. vinosa. The earliest date 
recorded is June 29 and the latest Oct. 8 (both at DeGrassi Pt., Cook 
Bay). Emergence was first observed at Go Home Bay on July 14 and 
usually begins at DeGrassi Pt. at about this time, the June record 
being an exceptional one. A pair in cop. was taken at this locality on 
Sept. 14. 

44. Nasiaeschna pentacantha (Rambur) 

WELLAND: Welland R, near Hewitt, 21. VI. ’84, 19. LINCOLN: Jordan 
(GSW). SIMCOE: Waubaushene. VICTORIA: Bobcaygeon (JHM). MUSKOKA: 
Go Home Bay; Bala. NIPISSING: near headwater# of French R. 
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Quiet streams, channels and lakes, usually in forested regions, 
regional throughout southern Ontario, but very local. The dates range 
from June 21 (Welland R.) to July 16 (Go Home Bay) but the season 
of flight certainly begins much earlier, no tcncrals having yet been 
taken. 

45. Epiaeschna heros (Fabr.) 

ESSEX: Pt. Pelee. KENT: Rondeau Park. ELGIN: Springer Crk. (seen). 
NORFOLK: Long Pt. WATERLOO: Dumfries N. twp. (seen). YORK: Toronto; 
Scarborough. NORTHUMBERLAND: Cobourg (AS). SIMCOE: C(x)k Bay, L. 
Siracoe. CARLETON: Ottawa region. 

Nymphs were found in a small wotxlland pond at Scarborough and 
females have been observed ovipositing in partly shaded pools at the 
foot of a wooded slope, close to Grenadier Pond, Toronto, on June 12, 
1936, and June 26, 1937. The dates range from June 7 (L. Simcoe) to 
July 3 (Pt. Pelee and L. Simcoe). It is scarcely more than a straggler 
as far north as Lake Simcoe, being essentially a Carolinian species. 

46. Basiaeschna janata (Say) 

ESSEX: Pt. Pelee (NKB). HALDIMAND: Oneida twp. WELLAND: Welland 
R. near Hewitt; Niagara Falls. HURON: Auburn. WELLINGTON: Guelph. YORK: 
Humber R. at Kleinburg; Kelly L.; Bond L.; Wilcox L. SIMCOE: Nottawasaga R., 
Essa twp.; Cook Bay, L. Simcoe; Atherly Narrows, Orillia (DSR); Severn (JIIM). 
VICTORIA; Fenelon Falls (WER); Bobcaygeon (JHM). PETERBOROUGH; 
Madoc. HASTINGS; Shannoiivillc; Black R. FRONTENAC: Silver L. LANARK: 
Fall R.; Innisville; Perth. LEEDS: Brcx-kville; Portland (JHM). CARLETON; 
Ottawa (FPI); Mississippi R. near Pakenham. MUSKOKA: Go Home Bay; Kahshe 
R.; Port Sydney (RY); L. of Bays (JHM). PARRY SOUND: Kearney (FPI); Sand 
Crk., Frank’s Bay, L. Nipissing; Shawanaga R. (PH). RENFREW: Big Tucker Crk. 
NIPISSING: islands in L, Nipissing, near headwaters of French R.; Algonquin Park, 
THUNDER BAY: Orient Bay and Ombabika Bay, L. Nipigon; Silver I., L. Superior. 
KENORA, Patricia section: Favourable L. region. 

Forest streams and lakes, common and generally dislributed. The 
season of flight is early, the dates ranging in southern Ontario from 
May 27 (Kleinburg) to July 12 (Go Home Bay). It is most abundant 
in June and has usually disappeared by the end of the month or early 
in July. In the Favourable Lake region of Northern Ontario two males 
were taken on July 20 and 29, 1938. 

47. Aeschna eremita Scudd. 

PEEL; Inglewood (FPI); Credit Forks (WER). YORK: Toronto; Kelly L. 
DUFFERIN; Horning’s Mills (WER). SIMCOE: Holland R. marsh near Bradford; 
Cook Bay, L. Simcoe; Midland. MUSKOKA: Go Home Bay; L. of Bays. PARRV 
SOUND; Shawanaga R.; Frank's Bay, L. Nipissing. NIPISSING; Algonquin Park; 
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Watson L., Tomico R. and L. TitnaRami (WER); Ko-Ko-Ko L., Obsbika Crk. and 
Lowell L., Timagami, ALGOMA: Heyden and Searchmont (EBW). THUNDER 
BAY: Nipigon; Black Sturgeon L.; Orient Bay, Shakespeare and Porphyry I., L. 
Nipigon; north end of L. Nipigon; Gull R. (CSH); Silver I., COCHRANE: Lowbush 
and Ghost R., L. Abitibi; Onakawana; Moosonee; Nettitichi Pt., James Bay (ESP). 
KENORA, Patricia section: Favourable Lake r^ion; Attawapiskat L.; Fort &vern 
(CEH). 

Forest lakes, slow streams and sometimes ponds; abundant in the 
Canadian and Hudsonian zones, occasional in the Transition, where 
it is smaller and more slender. It is an early species, the dates ranging 
from June 18 (Favourable L. region, 1?, just emerged) to Sept. 27 
(Toronto). It does not now occur so far south as Toronto and is only 
a straggler at Lake Simeoe. Most of the records from the north are 
for July. 


48. Aeschna interrupta interrupta Walk. 

PEEL: Inglewood (EPI); Credit Forks. ONTARIO: Glen Major (FPI, WER). 
SIMCOE: Ccxjk Bay, L. Simeoe; 8 miles n.e. of Port Severn (OAP). HALIBURTON: 
Oxtongue R. MUSKOKA; Giant’s Tomb I., Georgian Bay; L. of Bays. PARRY 
SOUND: Frank’s Bay, L. Nipissing. RENFREW: Stonecliffe. NIPISSING: Algon- 
quin Park (FPI); Watson L. (WER); Goose Is., L. Nipissing; Tomico R. (WER); 
L. Timagami (AWAB); Obabika L., Timagami. TIMISKAMING: Utchford. AL- 
GOMA: Heyden and Soarchmont (EBW); Sault Ste. Marie; Blind R., Mississauga R. 
(PH). SUDBURY: Sudbury. THUNDER BAY: Nipigon; Orient Bay and Ombabika 
Bay, L. Nipigon; Fort William; Gull R. (CSH). COCHRANE: Lowbush, L. Abitibi; 
Moosonee (GSW). KENORA, Patricia section; Favourable L. region. 

Shallow marshy bays and lakes, breeding among emergent vegetation ; 
abundant in the Canadian zone, local in the Transition. It emerges 
later than A. eremita, not usually appearing before the middle of July 
and reaching its greatest abundance in August. The earliest date is 
July 11 (Lake Nipissing, Favourable Lake,) the latest Sept. 20 (Sault 
Ste. Marie). 

The long series from the Favourable Lake region includes all inter- 
grades between this race and the next (Walker, *40). 

48a. Aeschna interrupta Uneata Walk. 

COCHRANE: Lowbush, L. Abitibi, 2 9 . KENORA, Patricia section: Favourable 
L. region. 

This is the race characteristic of the Central Plains, where it is the 
commonest Aeschna. Most of the individuals from the ' Favourable 
Lake region are more or less intermediate between the races interrupta 
and Uneata but some are definitely Uneata. 
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49. Aeschna clepsydra Say 

ESSEX: Pt. Pelee, NORTHUMBERLAND; Trenton (JDE). SIMCOE: DcGrasbi 
Pt., Cook Bay. MUSKOKA: Go Horae Bay. 

Open marshes, very rare in Ontario; Alleghanian, apparently com- 
monest on the Atlantic seaboard. The few recorded dates range from 
July 19 to Sept. 12. Emergence has been observed on July 25 and 28. 

50. Aeschna canadensis Walk. 

ESSEX; Pt. Pelee. KENT; Rondeau Parle. PEEL; Credit Forks; Snelgrove. 
VORK: Toronto; Scarborough; Maskinongc R. DITFERIN; Horning’s Mills (FPl). 
ONTARIO: Glen Major (FPI, WER). NORTHUMBERLAND: ('oboiirg (DS). 
BRUCE: Tobermory; Southampton. GREY: Owen Sound. SIMCOE: Holland R. 
marsh; Cook Bay, L. Simcoe; Midland; Severn (JHM); 8 miles n.e. of Port Severn 
(OAP). LEEDS: Brockville, CARLETON: Ottawa; Mcr Bleue (FPI). MUSKOKA: 
Kahshc L.; Go Home Bay; Giant's Tomb I., Geo. Bay; Bala; L. of Bays fJHM). 
PARRY SOUND: Nobel; Shawanaga; Frank’s Bay, L. Nipissing. RENFREW: 
Heeney Crk.; Stonecliffe. NIPISSING; near headwaters of French R.; Tuin Lakes 
near North Bay (WER); Watson and Godda L. (FPI) and Wap Crk., Algonquin 
Park (WER); L. Timagami (AWAB), near Tomico R. T1 MISNAMING: Laichford. 
ALGOMA; Heyden and Searchmont (EBW). THUNDER BAY: Fort William; 
Nipigon; Grand Bay, Orient Bay and Black Sturgeon Bay, L. Nipigon; Silver L, L. 
Superior. KENORA; Minaki; Favourable L. region (Patricia section). 

Open marshes bordering lakes and slow .streams, or bog ponds; 
generally distributed south of the Hudson Bay watershed, most abundant 
in the Transition zone, where it is the dominant Aeschna of the marshes, 
diminishing in numbers in the Canadian zone, where it is gradually 
replaced by A. eremita and interrupia. The season of flight is long; 
emergence beginning before the end of June and continuing during the 
first half of July. The dates range from June 21 (L. Nipissing) to Sept. 
27 (Toronto). It appears to emerge about as early in the northern as 
in the southern part of its range. 

51. Aeschna verticalis Hagen 

ESSEX: Pt. Pelec. YORK: Toronto; Scarborough; Highland Crk, BRUCE: 
Southampton; Dorcas Bay (JLB). SIMCOE: Holland R. marsh; Cook Bay, L. Simcoe; 
Hawkestone (WER). LEEDS: Near Gananoque. CARLETON: Mcr Bleue (JHM). 
MUSKOKA: Go Home Bay. 

Ponds with emergent vegetation; a later and more southern species 
than A. canadensis; local though occasionally abundant. The scarcity 
of records from extreme southern Ontario is doubtless due to lack of 
collecting during the season of flight. Apart from a newly emerged 
male seen near Gananoque on June 21, 1936, the range of dates is from 
July 17 (DeGrasai Pt.) to Oct. 11 (Ashbridge’s marsh, Toronto). Most 
of the records are for August and September. 
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52. Aeschna tuberculifera Walk. 

YORK: Etobicoke Crk.; East Toronto. SIMCOE: Cook Bay, L. Simcoe. MUS* 
KOKA: Go Home Bay; Clearwater L. near Port Sydney; L. of Bays. 

A rare and local species, not known north of the Transition zone. 
The only Ontario locality from which more than a single specimen has 
been taken is DeGrassi Pt. (Cook Bay), L. Simcoe, where it has been 
captured on four occasions. A fehiale was taken while ovipositing at 
the edge of a forest pond near Norway Pt., Lake of Bays. The ovi- 
positor is thrust into emergent aquatic plants below the surface of the 
water as in most Aeschnas. 

53. Aeschna juncea americana Bart. 

THUNDER BAY: Nipigon. COCHRANE: Lowbush, L. Abitibi; Moosonee- 
KENORA, Patricia section: Fort Severn (CEH). 

Strictly boreal, being characteristic of the upper Canadian and 
Hudsonian zones, where it is common. It develops in still waters among 
emergent vegetation, both in larger bays or rivers and small, boggy 
sloughs. Our dates (July 10 to Aug. 30) probably do not cover the 
entire season of flight. In Northern Manitoba A. juncea emerges some- 
what later than cither A . eremita or A . inlerrupta and this is probably 
true in Ontario also. 

54. Aeschna subarctica Walk. 

SIMCOE: DeGrassi Pt., Cook Bay, L. Simcoe. NIPISSING: Obabika Crk., 
Tiraagami. THUNDER BAY: Nipigon. COCHRANE: Ghost R., L. Abitibi. 

A 8]>ccies of the same faunal belt as A, juncea, probably occurring 
a little farther south, though the single specimen from DeGrassi Pt. 
was doubtless a wanderer from a long distance. Both species range 
to Hudson Bay, although A. subarctica is not known from the Ontario 
part of that region. July 7 (Ghost River, a newly emerged female) to 
Sept. 11 (Timagami). From observations in northern Manitoba it 
apparently emerges a little later than A. juncea. 

55. Aeschna sitchensis Hagen 

SIMCOE: DeGrassi Pt. ALGOMA: Sault Ste. Marie. THUNDER BAY: Silver 
I. COCHRANE: Smoky Falls, (GSW); Smooth Rock FalU, between Hearst and 
Cochrane (WER); Grand Rapids, Mattagami R. (WJKH); Ship Sands, near mouth 
of Moose R. (ESP) ; Nettitichi Pt., James Bay (ESP) ; Moosonee. KENORA, Patricia 
section: Favourable Lake region; Attawapiskat L.; Fort Severn (CEH). 

Muskegs or sphagnum b(^s, Hudsonian and northern parts of 
Canadian zone. The single individual from Lake Simcoe was un- 
doubtedly a straggler from a long distance north and the record from 



Libt of the Odonata of Ontario 


233 


Sault Ste. Marie may be considered as being approximately at the 
southern limit of its distributional area. The dates range from June 25 
(Favourable L.) to Aug. 19 (Grand Rapids, Mattagami R.). 

56. Aeschna coerulea septentrionalis Burm. 

KENORA, Patricia section: Fort Severn, Hudson Bay (CEH). 

A series of IGcT, 219 was taken from July 3 to 27, 1940, in the muskeg 
which covers most of the country at this latitude. 

A. coefulea is a circumpolar species, the* race septentrionalis being a 
strictly Hudsonian form which ranges across the continent from New- 
foundland and Labrador to the Mackenzie delta (Aklavik) and extreme 
northern British Columbia (Atlin) where it was taken recently by F. C. 
Whitehouse. 

57. Aeschna umbrosa umbrosa Walk. 

KENT: Orford twp. MIDDLESEX: London. LINCOLN: Grimsby. HURON: 
Auburn. WELLINGTON: Guelph. YORK: Summerville; Toronto; Scarborough; 
Highland Crk.; Pottagevllle; Maskinonge R. DUFFERIN: Horning’s Mills (WER). 
ONTARIO: Glen Major (FPI, WER); Claremont. DURHAM: Oshawa. NORTH- 
UMBERLAND; Cobourg (DS). BRUCE: Kincardine; Johnson's Harbour (WL); 
Saugeen R. near Southampton. GREY: Camperdown (NF); Thornbur> ; Owen Sound. 
SIMCOE: Nottawasaga R., Essa twp.; Holland R. marsh; Cook Bav, Wasaga Beach; 
Singhampton (WER). LEEDS: Brockville; Lyn (FPI, GSW). CARLETON: Ottawa 
(FPI). HALIBURTON: (JGO). MUSKOKA: GoHome Bay; Rostrevor; Port Sydney; 
East R.; near Bracebridge; Port Cockburn. PARRY SOUND: Point au Baril; Sand 
Crk., Frank’s Bay, South Bay and Minas Bay, L. Nipissing; Mud L. (WER). NIPIS- 
SING: Goose Is., L. Nipissing; Grape L. (WER), L. Traverse (JRD), Square L. (JRD), 
Godda L. (FPI), Oxtongue R. and I.ittle Joe Crk., Algonquin Park; Tomiro R.; Lowell 
L. and Obabika Crk., Timagami; L, Timagami (AWAB). 'I'H UNDER BAY: Fort 
William; Nipigon; Orient Bay, Grand Ba>, Black Sturgeon Bay, Shakespeare 1. and 
Wabinosh, L. Nipigon; Silver I., L. Superior. RAINY RIVER: Rainy River. COCH- 
RANE: Hughes Station, near Cochrane; Lowbush, L. Abitibi; Smoky Falls, Mattagami 
R. (RVW). KENORA, Patricia section: Favourable L. region; Attawapiskat L. 

Generally distributed and abundant, developing usually in more or 
less shady forest streams, both warm and cold; adults crepuscular, 
although they fly also by day in more or less shady places and in the 
sun as the weather becomes cooler in September and Octolx‘r. Emergence 
is irregular, adults usually appearing early in July and remaining until 
October. The earliest date is June 27 (Brockville) and the latest Nov. 1 
(Toronto). I have known individuals to emerge as late as September, 

58. Aeschna constricta Say 

ESSEX: Pt. Pelee; Leamington (GSW). KENT: Dover Centre. LAMBTON: 
Point Edward. WELLINGTON: Guelph, PEEL: Credit' Forks (WER); Inglewood 
(FPI). YORK: Toronto; Scarborough; Maskinonge R. ONTARIO: Glen Major 
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(WER). NORTHUMBERLAND: Coboufg(DS); Trenton (JDE). GREY: Camper- 
down (NF). SIMCOE: Holland R. mar&h; Cook Bay. DUNDAS: bouth branch of 
Nation R. CARLETON: Ottawa. MUSKOKA: Kahshe R. 

Open marshes, bordering slow streams and lakes, often wandering 
far afield; common in the Transition and Upper Austral zones. The 
dates range from July 26 and 27 (Ottawa and Pt. Pelee) to Oct. 11 
(Toronto). Adults appear to be at the peak of their abundance in late 
August and early September. 

50. Aeschna routata Hagen 

BRANT: Dumfries S. twp., near Glen Morris. 26 VI. 1939, Id*. 

Another was seen at this same spot, and, on the following date, a 
few miles north and east in Waterloo County, Dumfries North twp. 
Marshy jwnds and swamps, Carolinian; apparently resident in this 
part of the Province and doubtless occurring elsewhere in extreme 
southern Ontario. 

60. Anax junitts (Drury) 

ESSEX: Pelee I. (FMR); Pt. Pelee; St. Joachim; Belle R.; Pure. KENT: Dover 
Centre; Rondeau Park; Chatham; Orford twp. ELGIN: Port Stanley. NORFOLK: 
Long Point; St. Williams; Normandalc (GSW). HALDIMAND: Oneida twp.; Dunn- 
ville; Caledonia. WELLAND: Hewitt; Gaslinc; Chippawa; Niagara Falls. HURON: 
Aux Sables R. near Grand Bend. WELLINGTON: Guelph. PEEL: Snelgrove; Credit 
Forks; Erindale; Gibson L. YORK: Toronto; Scarborough; Thornhill; Kelly L.; 
Wilcox L. DUFFERIN: Horning’s Mills (WER). DURHAM: L. Scugog; Oshawa. 
NORTHUMBERLAND: Cobourg (DS); Trenton (JDE). PRINCE EDWARD: 
Sand Hills; East L. BRUCE: Johnson’s Harbour (WL). SIMCOE: Holland R. marsh: 
Cook Bay, L. Simcoe; Wasaga Beach; Orillia (DSR); Rye R., Midland. VIC'TORIA: 
Fenelon Falls (WER). HASTINGS: Belleville. FRONTENAC: Kingston (NF). 
LEEDS: Brockville. PRESCOTT: Plantagenet. CARLETON: Ottawa UHM); 
Mississippi R. near Galetta and near Pakenham. MUSKOKA: Go Home Bay; Mudeoka 
Mills. PARRY SOUND: Frank’s Bay and West Bay. L. Nipissing. RENFREW: 
Snake R. THUNDER BAY: Silver I., L. Superior. 

Ponds, marshy lakes and slow streams, very abundant in the southern- 
most counties but decreasing in numbers northward and entering the 
Canadian zone only a short distance except as a wanderer; an austral 
species of very wide distribution. Emergence takes place in the second 
half of August and September, adults usually disappearing in late 
September and October, evidently migrating southward, since they are 
rarely seen with mature colours until the following spring, when they 
reappear in early May (rarely in April) mid fly until August. The 
earliest recorded date is April 16, the latest Oct. 18 (Toronto). Even 
at this date the colours were not yet mature, the blue spots of the 
abdomen being still dull grey. 
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Gomphidae 

61. Hagenius brevistylus Selys 

YORK: Toronto. NORTHUMBERLAND: Trenton (JDE). SIMCOE: Cook 
Bay and Sand I. (DSR), L. Simcoe; Sebright (CHC); Severn (JHM). VICTORIA: 
Rosedale, Balsam L. (PH); Bobcaygcon (JHM). PETERBOROUGH: Lovesick L. 
LEEDS: Lyn (FPI). CARLETON: Ottawa (Hagen *75); Mississippi R, near Galetta 
and near Pakenham. MUSKOKA: Go Home Bay; Kahshe R. PARRY SOUND: 
Mississauga R. (PH); Burke’s Falls (FPI); Sand Crk., Frank’s Bay, L. Nipissing. 
RENFREW: Heency Crk. NIPISSING: Goose Is., Manitou L and islands near head- 
waters of French K., L. Nipissing; L. Traverse (JRD), Joe L. and Oxtongue R., Algon- 
quin Park. THUNDER BAY: South Bav, L. Nipigon; Silver L, L. Superior (DAM). 
KENORA: Minaki. 

("ommon about the larger rocky streams and lakes, especially in the 
Pre-Cambrian regions south of the Hudson Bay watershed, rare in 
calcareous regions. The dates range from June 16 to Aug. 20 (Go Home 
Bay). Emergence usually begins about the third week in June and is 
over early in July, the adults flying until after the middle of August. 

62. Ophiogomphus colubrinus Selys 

RENFREW: Portage du Fort, Ottawa R. (FPI). MANITOULIN; Killarney. 
NIPISSING; Nipissing R., Algonquin Park (FPI). THUNDER BAY: Nipigon R. 
at Nipigon; Orient Bay, Grand Bay, Wabinosh and Bear R., L, Nipigon; Gull R. 
(CSH); Silver L, L. Superior. COCHRANE: Smoky Falls, Mattagami R. (RV*\V); 
Mattagami R. below rapids (WJKH); Moose R. crossing, T. & N. O. Ry. (WJKH). 
KENORA, Patricia section: Favourable L. region; Fort Severn (CEH). 

Clear, rapid streams in the Canadian and Hudsonian zones; the most 
northern gomphid. The dates range from June 17 to Sept. 3. All the 
individuals (4cr, 4 9 ) from the Severn River at Fort Severn were newly 
emerged or tcneral and were taken on July 9 and 15. 

63. Ophiogromphus carolus Needham 

DUFFERIN: Horning's Mills (FPI). SIMCOE: Nottawasaga R., 1 mile s. of 
Aliiston, ALGOMA: Heyden and Searchmont, on tributaries of the Goulais R. (EBW). 

Clear rapid streams, Alleghanian. The dates range from June 11 
(Nottawasaga R.) to Aug. 8 (Searchmont). 

84. Ophiogomphus rupinsulensis (Walsh) 

KENT: Thames R., Orford twp. WATERLOO: Grand R.. Galt (NF). H ALTON; 
Bronte Crk. (JGO). PEEL; Credit R. at Meadbwvale and Erindalc. YORK: Humber 
IL at Kleinburg, Mount Dennis and near Toronto. HASTINGS: Belleville (JDE). 
MUSKOKA: Goose L. near Dorset (JGO). PARRY SOUND: Shawanaga R. (PH). 
NIPISSING: Oxtongue R., Algonquin Park. THUNDER BAY: Orient Bay, L. 
Nipigon. COCHRANE: Smoky Falls, Mattagami R. (RVW). 
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Generally distributed, breeding in more or less rapid streams in 
various types of soil, more tolerant of silt than the other species of 
Ophiogomphus. The dates range from May 31 (Kleinburg) to Sept. 23 
(Smoky Falls). In the southern counties the season of flight is apparently 
over before August. 

65. Ophiogomphus anomalus Harvey 

PARRY SOUND: Shawanaga R. RENFREW: Ottawa R. at Pembroke. 21.VI. 
'36, exuviae. THUNDER BAY: Oliver Crk., Slate R. valley; Three-mile Rapid». 
Gull R., west aide of L. Nipigon, 10. V'l. '22,* emerging. 

Clear rapid streams and large rivers, Alleghanian and Canadian 
zones, very local. The earliest date is June 10 (Gull R.) and the latest 
July 10, but there are not enough records to indicate the length of the 
adult season. 

66. Lanthus albistylus (Hagen) 

NIPISSING: Oxtongue R., Algonquin Park; L. Timagami (AWAB). ALGOMA: 
Heyden and Searchmont (EBW). 

Shallow rapids with projecting stones, in clear streams, probably of 
general occurrence on the Pre-Cambrian region, in the Alleghanian and 
southern part of the Canadian zone. The range of dales, July 28 to 
Aug. 14 (both in Algonquin Park) is insufficient to indicate the length 
of the season of adult life. It was found emerging on June 21 on a tribu- 
tary of the Gatineau River, Quebec, and it doubtless emerges about 
this time also in Ontario. 

67. Gomphus villosipes Selys 

WELLAND: Niagara Glen (GSW); Chippawa; Welland R. near Hewitt, PEEL; 
Credit R. at Erindalc. YORK: Don valley, Toronto. SIMCOE: Gilford, Cook Bay, 
L. Simeoe. 

Quiet, muddy streams; Carolinian into Alleghanian. The dates range 
from June 11 to July 24. Numerous exuviae were found on June 11, 
1933, at the Gilford stream but the adults were already fully mature 
and flying along the stream. It is evident, therefore, that emergence 
must take place considerably earlier than this date. 

68. Gomphus furcifar Hagen 

ESSEX: Pt. Pelee. KENT: Rondeau Park. NORFOLK: St. Williams; Long 
Point; Turkey Point (W7B). BRANT: Dumfries S. twp, WENTWORTH; Valley 
Inn Crk., Hamilton (col.?). PEEL: Gibson L. YORK; Toronto; Kelly L. PRINCE 
EDWARD: Picton (NF). SIMCOE: Cook Bay, L. Simeoe. LEEDS: Gananoque R., 
near Gananoque ; Lyn (CHC). CARLETON; Leonard. MUSKOKA: Go Home Bay. 

♦Incorrectly reported as July 10, '22 (Walker '24). 
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Marshy lakes and slow, weedy streams; very abundant at Point 
Pelee, Grenadier Pond (Toronto) and DeGrassi Point, rare northward, 
only a single exuvia having been found at Go Home Bay; Carolinian 
and Alleghanian. The adult season is early, the recorded dates rang- 
ing from May 20 to July 27 (both at DeGrassi Pt.)* Emergence has been 
observed up to June 8. By about June 20 or earlier they have all re- 
turned from their wanderings and are seen in large numbers about the 
broad, pond-like mouth of the stream, where they rest on the lilypads. 

69. Gomphus comutus Tough 

ONTARIO: Uxbridge 1 cf (RGHC). LEEDS: Brockville, 27.VI.’29, ScT. CARLE- 
TON: Ca&tor R., Carlsbad Springs (Ent. Rec. T7). KENORA: Minaki, 4.10.VIL’28 
(JHM);21.VIL’31. 2 9. 

Slow, muddy streams and swampy lakes, ver>'^ local in Ontario. 
The only locality where it has been taken in numbers is the Castor 
River at Carlsbad Springs. 

70. Gomphus spicatus Hagen 

ESSEX: Pt. Pelee (GSW), KENT: Arran L. (GSVV); Big Point, L. St. Clair, and 
Rondeau Park (SL & WL). NORFOLK: Long Point. WENTWORTH: Hamilton. 
WATERLOO; near Galt (NF). PEEL: Snelgrove (JW). YORK: Bond L.; Wilcox 
L.; Kelly L, PETERBOROUGH: Stony L. (JGO). PRINCE EDWARD: Sand 
Hills; East L. BRUCE: Johnson’s Harbour (WL); Millar L. (JGO); Red Bay (NF). 
SIMCOE; Cook Bay, L. Simcoe; Orillia and Severn (JHM). VICTORIA: Bobcaygeon 
(JHM). HASTINGS: Belleville. FRONTENAC: Silver L. LANARK: Fall R. 
CARLETON: MacKav’s L., Rockcliffe (JHM). MUSKOKA: Go Home Bay; Giant’s 
Tomb L, Geo. Bay; Black L., L. of Bays (JHM). PARRY SOUND: Kearney (FPI); 
Frank’s Bay, L. Nipissing. RENFREW: Petawawa Reserve (\^H). NI PISSING: 
Madawaska R., Algonquin Park (JHM); near headwaters of French R. THUNDER 
BAY; Black Sturgeon L.; Gull Bay, L. Nipigon (NKB); Silver I., L. Superior; Burnt 
L, L. Superior (DAM). COCHRANE: Cochrane (FJ). KENORA: Ingolf (WND); 
Minaki (JHM). 

Boggy lakes and ix)nds, and weedy bays; generally distributed and 
abundant south of the Hudson Bay watershed, reaching its largest size 
at Minaki. The season of adult is early, the dates ranging from May 24 
(Kelly L.) to July 31 (Bruce Co.). The latter is an unusually late date; 
throughout most of its range the season is over by the middle of July. 
Nevertheless, at Gull Lake, near its northern boundary, a nymph was 
taken in transformation on July 23. 

71. Gomphus quadricolor Walsh 

PEEL: Credit R. at Erindale. 

The adults fly over gentle rapids and probably oviposit here, but 
the full-grown nymphs are found in quieter water below the rapids and 
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it is here that emerges takes place. The dates range from June 7 to 
July 2, but emergence may begin a little earlier than the former date. 

72. Gomphus ezilis Selys 

WATERLOO: Dumfries N. twp. PEEL: Credit R. near Inglewood. YORK: 
Toronto: Wilcox L. PRINCE EDWARD: Picton (NF). SIMCOE: Cook Bay, L. 
Simeoe. HASTINGS: Moira R. near Belleville. FRONTENAC: near Kaladar. 
LEEDS: Gananoque R. near Gananoque; Brockville; Lyn (FPI, GSW). LANARK; 
Innisville; Perth. PRESCOTT: Plantagenet. CARLETGN: Ottawa; MacKay's L., 
Rockclifle (AWR); Mississippi R. near Galetta and near Pakenham. MUSKOKA: 
Go Home Bay; Black L., L. of Bays (JHM); Port Sydney (RY). PARRY SOUND: 
Frank’s Bay, L. Nipissing. RENFREW: Barbut Crk. NIPISSING: near headwaters 
of French R.; Sandy I. and various stations on L. Nipissing; Vaase R., outlet of L. 
Nipissing (JGO); Algonquin Park; Smooth Water L., Timagami (JF); Deer Bay, L. 
Timagami (JGO). THUNDER BAY: Orient Bay and Shakespeare 1., L. Nipigon; 
Silver I., L. Superior. 

Quiet streams with a soft bottom and shallow, marsh-bordered lakes, 
abundant and generally distributed south of the Hudson Bay watershed 
and probably occurring somewhat farther north. The records range 
from June 14 to Aug. 12. Emergence or newly emerged individuals 
have been noted from June 19 to 27 (Go Home Bay, Picton and Shake- 
speare Island). 

73. Gomphus lividus Selys 

HALDIMAND: Oneida twp. YORK: Humber R. at Kleinburg. SIMCOE: 
Nottawasaga R. near Alliston; Cook Bay, L. Simeoe; Orillia (JHM); Severn (JHM, 
CHC). VICTORIA: Bobcaygeon (JHM). FRONTENAC: Arden. MUSKOKA: Go 
Home Bay; Kahshe R.; L. of Bays; Port Sydney (RY). PARRY SOUND: Kearney 
(FPI); Sand Crk. and Frank’s Bay, L. Nipissing; Shawanaga R. NIPISSING: islands 
in L. Nipissing near headwaters of French R.; Joe and Burnt Island L., Algonquin 
Park; Earl L., Mattawa; L. Timagami (JGO); Kokokoring L. QF). ALGOMA; 
Heyden (EBW). THUNDER BAY: L. Nipigon, nymphs in stomachs of sturgeon; 
Gull R. (CSH). 

Ck:ntly flowing streams and rocky lakes in slightly more exposed 
situations than G. exilis, although their habitats overlap widely; often 
very abundant but short-lived in the adult state. The distribution in 
Ontario is similar to that of G. exilis, but G. lividus is more local in the 
southern counties by reason of its habitat. The dates range from May 
25 (DeGrassi Pt.) to July 31. 

74. Gomphus descriptus Banks 

WELLINGTON: Guelph (col?). SIMCOE: Nottawasaga R., s. of Alliston. 
PARRY SOUND: Island L., Kearney (FPI). NIPISSING; Madawasfca R. OHM), 
end Costello L., Algonquin Park (RBM). 
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Clear, more or less rapid streams, Alleghanian. McDunnough slates 
that this species was the most abundant Gomphus on the Madawaska 
River, It appears to be local in Ontario but has perhaps been overlooked. 
The dates range from June 4 (Nottawasaga R.) to July 30, but the season 
undoubtedly begins somewhat earlier, probably before the end of May. 

76. Oomphus borealis Nc'odham 

NIPISSING: Costello L.. Algonquin Park, 24.Vl.’38, 2d^ (RBM). 

An Alleghanian species, which api)cars to have entered Quebc'c from 
the Adirondacks of New York State. 

76. Gomphus graslinellus Walsh 

LAMBTON; Walpole I., R. St. Clair, 14.VIII.’36. KENORA: Minaki, 6-10.VII.‘28 
GHM). 23.Vn.’31. 

Lakes and rivers, extremely local in Ontario but transcontinental in 
the United States and occurring also in Manitoba and British Columbia. 
The season was evidently nearly over at Lambton where very few 
individuals were seen and only one damaged male was taken. At Minaki, 
on July 23, the season was also nearly over. A small number of indi- 
viduals, nearly all females, were flying over a broad, sandy beach in a 
small rockbound bay on the WinnifXig River. 

77. Gomphus brevis Hagen 

SIMCOE: Severn OHM). LANARK: Innisville. CARLETON: Ottawa; MacKay’s 
L., Rockcliffe (JHM). MUSKOKA: Go Home Bay and River. PARRY SOUND; 
Sand Crk., Frank’s ^y, L. Nipissing. NIPISSING; Mattawa (CEA); Goose Is., L. 
Nipissing; L. Traverse (JRD), Madawaska R. (JHM) and Oxtongue R., Algonquin 
Park. ALGOMA: Silver Crk. valley, near Sault Ste. Marie (col.?). THUNDER BAY; 
Orient Bay and Wabinosh, L. Nipigon; Slate River valley. COCHRANE: Abitibi L. 
region (Dr. Cook, possibly in Quebec). 

Rapid, rocky streams, often below falls; Alleghanian and Canadian. 
The dates range from June 15 (Go Home Bay) to Aug, 20 (Algonquin 
Park). Emergence at Go Home Bay was observed from June 15 to 23. 

78. Gomphus viridifrons Hine 
KENT; Bothwell, 23.V.’25, 1 9 (GSW). 

From a tributary of the Thames River. 

79. Gomphus fratemus (Say) 

ESSEX: Pt. Pelee. KENT; Rondeau Park; Chatham; Thames R., Orford twp.; 
Bothwell (GSW). ELGIN; Fisher’s Glen (GSW). NORFOLK; St. Williams; Long 
Pt.; Turkey Pt. (GSW); Norfolk (TNF). WELLAND; Niagara Glen. PEEL: Credit 



240 


Transactions of the Royal Canadian Institute 


R., Erindale. YORK: Humber R. at Kleinburg. SIMCOE: Sand I., L. Simcoe (DSR), 
Orillia QHM); Victoria Harbour. KENORA: Norman; Minaki. 

Rivers and shallow bays of large lakes with emergent vegetation; 
abundant in Lake Erie, apparently absent from the Pre-Cambrian region, 
except in the extreme west, where it occurs in a large and robust form. 
The dates range from May 31 (Kleinburg) to July 23 (Minaki). Emerg- 
ence takes place chiefly during June. 

80. Gomphus vastus Walsh 

ESSEX: Pelee I. (FMR, NF, WJB). PRESCOTT: Ottawa R. near Point Fortune, 
Que. CARLETON: Ottawa (GB); Mer Bleue (FPI). RENFREW; MarshalPs Bay, 
Arnprior (CGH). 

Large rivers and lakes. It will doubtless be found on the St. Lawrence 
in Ontario, since it occurs on this river in Quebec. Our records are 
insufficient to indicate the length of the adult season. Numerous adults 
observed in Prescott Co, on June 23 were all teneral, some just emerged. 

81. Gomphus ventricosus Walsh 

CARLETON: Ottawa, VII,*24, Icf (ALP). 

This rare species has been taken elsewhere in Canada only in the 
vicinity of Fredericton, N.B., and Farnham, Que. 

82. Gomphus scudderi Selys*^ 

PEEL: Credit Forks (FPI). YORK: Toronto. BRUCE: Stoke's Bay (NF). 
CARLETON: Brittania Bay (JGO). MUSKOKA: L. Muskoka (WSG?); Port Sydney 
(NKB); Norway Pt., L. of Bays (JHM). PARRY SOUND; Mississauga R.; Blind 
R. (PH); Sand Crk„ Frank's Bay, L. Nipissing. RENFREW: Big Tucker Crk. (JGO). 
NIPISSING: Madawaska R. (JHM), Nipissing R. (FPI), L. Traverse (JRD) and 
Oxtongue R., Algonquin Park; Wakimaka Crk., Timagami. ALGOMA: Goulais R. 
and tributaries at Searchmont (EBW). 

On the larger forest streams where there is a gentle current, common 
in the streams of the Pre-Cambrian region of southern Ontario; mainly 
Alleghanian. It is a late species, the dates ranging from June 25 (Bri- 
tania Bay, exuv.) to Sept, 9 (Timagami), Emergence has been observed 
by Dr. Ide at Credit Forks as late as Aug. 28, 1928. 

83. Gomphus plagiatus Selys 

ESSEX: Pelee L, 19.VIL *24, 1 exuv. (NF)* 

*1 have recently (Walker *83, *34) followed Williamson in giving generic rank to 
the Stylurus group of Gomphus to which this and the remaiding species listed here 
belong. I now believe, however, that thm'ough revision of the entire genus should be 
undertaken before it is subdivided. 
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This exuvia undoubtedly belongs to G. plagiatus and not notatus, 
Pelee Island is probably the only station for this species in Canada. 
It is known to occur on the islands to the immediate south of Pelee 
and at Put-in Bay, Ohio (Kennedy *22). 


84. Gomphus notatus Rambur 

KENT: Johnson's Pt., Johnson R. LAMBTON: Walpole I. and Courtright, St. 
Clair R. CARLETON: Mer Bleue (JUM). NIPISSING: L. Nipissing (JRD). TIMIS- 
KAMING; L. Timiskaming. THUNDER BAY: Gull L.; Gull R. at L. Nipigon, 
nymphs in stomachs of sturgeon and suckers (Walker, '24, reported at G, scudderi), 
KENORA; Minaki. RAINY RIVER: Manitou rapids, Rainy R. (Rainy River Invests 
gation, 1987). 

Large rivers and lakes, widely distributed but local. Individuals 
reared or found in transformation were taken on July 7 (L. Timiskaming), 
July 21 and 22 (Minaki), July 23 (Gull L.) and Aug. 14 (Walpole Island 
and Courtright). It thus matures late, apparently later in southern 
than in northern localities, but we have no data on the length of adult 
life. 


85. Gomphus spiniceps (Walsh) 

RENFREW; Treadwell, 17.IX.'28, 1 exuv. (FPI); Petawa^a Forest Reserve, 
30.VI.'85 (VEH). 

This is another late species of large rivers, known in Canada only 
from the Ottawa River and its tributaries, the Petawawa and Gatineau 
Rivers. The single record from the Petawawa Reserve is that of an 
individual taken during emergence. It is probably an unusually early one. 


86. Dromogomphus sfwosus Selys 

KENT: Thames R. at Chatham and in Orford twp.; Bothwcll (GSW). YORK: 
Toronto. SIMCOE: Cook Bay, L. Simcoe; Orillia and Severn (JHM). HASTINGS: 
Moira R. near Belleville (JGO). LEEDS: Lyn (GSW, CHC). PRESCOTT: Nation 
R,, PJantagenet. CARLETON: Rideau R., Ottawa South (JHM); Carp (CHY); 
Misaisaippi R. near Galetta and near Pakenham. MUSKOKA: Go Home Bay; Bala; 
Port Sydney (RY), PARRY SOUND: Miaeissauga R.; Shawanaga. MANITOULIN: 
Mindemoye L. (TBK). NIPISSING; Cache L. (JHM) and Cortello L. (RBM), 
Algonquin Park. ALGOMA: Thessalon. 

large, somewhat rapid streams or lake shores, common throughout 
southern Ontario. The dates range from June 6 to Sept. 17, but it 
usually emerges in late June or early July and is common throughout 
August 
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CORDULEGASTESIDAS 

87. Cordalegaster maculatus Selys 

ESSEX: Pt. Pelee (GSW). KENT: Bothwell (GSW). NORFOLK: Simcoe (TNF). 
WATERLOO: Dumfries N. twp. YORK: Holland R. near Vandorff. DUFFERIN: 
Horning’s Mills (FPI). SIMCOE: Cook Bay, L. Simcoe; Orillia (JHM, CHC). MUS- 
KOKA: Port Sydney. PARRY SOUND: &nd Crk., Frank's Bay and South Bay, 
L. Nipissing. NIPI^ING: Madawaska R. (JHM), L. Traverse and Joe L., 

Algonquin Park. ALGOMA: Stony Crk. and Little Carp R. (col.?). SUDBURY: 
Sudbury (JDE). THUNDER BAY: White Sand (NKB), Orient Bay, Fraser Crk. 
and Alexander Portage, L. Nipigon; Gull R. (CSH); Silver I., L, Superior. COCH- 
RANE: Lowbush and Long Pt., L. Abilibi. 

Forest streams, developing in pools below gentle rapids; generally 
distributed and very common in uncleared areas. Emergence begins 
late in May. Dates of capture at Lake Simcoe range from May 29 
to July 12, but in the north the season is later, the latest date being 
July 24 (L. Nipigon). 

88. Cordulegaster obliquus (Say) 

WENTWORTH: Waterdown (LZ). CARLETON: Blackburn (JHM). 

A very rare species of more southern distribution than the othei 
two Cordulegastcrs. 

89. Cordulegaster diastatops (Selys) 

PEEL: Credit Forks. YORK: Summerville; Holland R. near Vandorff. ONTARIO: 
Glen Major (WER). SIMCOE: Cook Bay, L. Simcoe; Churchill; Stroud; Orillia 
(CHC). MUSKOKA: Port Sydney. NIPISSING: Cache L., Algonquin Park (JHM). 
ALGOMA: vicinity of Silver Falls (col.?). 

Small brooks and spring runs, usually in more open places than 
C. maculatus; doubtless much more widely distributed than the above 
records indicate. Adults have been observed at Lake Simcoe from 
May 25 to July 4. Our latest date is July 19 (Credit Forks). 


CORDUUIDAB 

90. Cordulia shurtleffi Scudder 

PEEL: Dufferin L. near Credit Forks. YORK; Kelly L. DUFFERIN: Horning's 
Mills (FPI). SIMCOE: Cook Bay, L. Simcoe; Singhampton (WER); MidUnd (RPW); 
Severn (JHM). VICTORIA: Fenelon FalU (WER). CARLETON: Ottawa (JHM); 
Constance Bay (WJB). HALIBURTON: Rackety R., Gull L. (PH); Miner's Bay, 
Gull L. (FPI). MUSKOKA: Go Home Bay and River; Norway Pt,, L. of Bays GHM). 
PARRY SOUND: Kearney (FPI). RENFREW: Petawawa Forest Reserve (VEH). 
MANITOULIN: Killarney (FPI). NIPISSING: Tern Rock, L. Nipissing; Algonquin 
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Park (JHM, RHO); Joe and Burnt Island L,, Algonquin Park; L. Timagami (AWAB). 
ALGOMA: Stony L. (EBW); Silver CVeek fallb, Sault Ste. Marie (col.?). SUDBURY: 
Sudbury; Gogama (JKM). THUNDER BAY: Nipigon; Orient Bay and small lakes 
near Macdiarmid, L. Nipigon; Gull R. (CSH); Silver I., L. Superior. COCHRANE: 
Long Pt., Lowbush and Ghost R., L. Abitibi; Smoky Falls, Matiagami R. (GSW). 
KENORA, Patricia division: Hawk L. (HCL) ; Favourable Lake region ; Attawapiskat L. 

Marshy or bog-margined lakes, ponds and slow streams, generally 
distributed and abundant in the Canadian zone, local in the Transition, 
where it is restricted to sphagnum ponds or lakes. It is an early species, 
the dates ranging from May 24 (Gull Lake) to Aug. 3 (wStony L.). The 
latter dale, however, is the only one for August, the principal season 
of flight being in June and early July. Very young individuals were 
taken in the Favourable Lake region on June 2 and 3, numerous adults 
throughout June and none after July 6. 

91. Dorocordulia libera (Selys) 

ESSEX; Pt. Pelee. WATERLOO: Dumfries N. twp. YORK: Bond L. SIMCOE: 
Cook Bay, L. Simcoe; Severn (JHM). VICTORIA: Fenelon Falls (WER); Bnbeaygeon 
(JHM). CARLETON: Ottawa (CIIY); Rockcliffe (GHF); Blackburn (RIIO). MUS- 
KOKA: Go Home Bay; Port Sydney; Deer L. PARRY SOUND: Sand Crk., Frank’b 
Bay, L. Nipissing. NIPISSING: Goose la. and Blueberry I., L Nipissing; headwaters 
of French R.; Cache L. (JHM) and Joe L., Algonquin Park. AL(>OMA: Stony L. 
(EBW). THUNDER BAY: near Longuelac; Orient Bay, L. Nipigon; Port William. 
KENORA: Minaki. 

Marsh-bordered lakes and slow boggy streams, fairly common and 
generally distributed south of the Hudson Bay watershed. The dates 
range from June 1 (Severn) to Aug. 3 (Stony Lake), emergence taking 
place chiefly during the sc^cond half of June. 

92. Somatochlora walshii (Scudder) 

BRANT: Glen Morris (NF). WELLINGTON: Guelph (RHO). PEEL: Credit 
Forks. YORK: Toronto; Schomberg. ONTARIO: Glen Major (FPI, WER). PRINCE 
EDWARD: Hillicr (GS). BRUCE: Southampton (GSW). SIMCOE: Cook Bay, L. 
Simcoe; Churchill; Stroud. HASTINGS: Tweed (ESS). CARLETON: Mer Bleue. 
MUSKOKA: Bracebridge. NIPISSING: Island Bay Crk. (WER) and Ko-ko-ko L., 
Timagami. THUNDER BAY: Orient Bay, L. Nipigon. COCHRANE: Lowbush, 
L. Abitibi. 

Small, quiet streams or ditches in boggy places, spring-fed streams 
preferred; generally distributed and not infrequent in its special habitat. 
The earliest and latest dates arc June 3 (Mer Bleue) and Aug. 13 (Glen 
Major). The main season of flight seems everywhere to be in July, 

93. Somatochlora minor Calvert 

SIMCOE: Cook Bay, L, Simcoe; Singhampton (FPI, WER). CARLETON: 
Blackburn QHM), MUSKOKA: Bracebridge. PARRY SOUND: Sand Crk.. Frank’s 
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Bay, L. Nipisting. NIPISSING: Algonquin Park (JHM); near Joe L, AJg. Park. 
ALGOMA: Sault Ste. Marie, Silver Falla and Little Carp R. (col.7). THUNDER 
BAY: near Longueiac; Orient Bay, L. Nipigon; Oliver Crk., Slate River valley; Gull 
R.; Fort William; Silver I., L. Superior. COCHRANE: Lowbuth and Upper Lake, 
L. Abitibi; Smoky Falla, Mattagami R. (GSW). KENORA, Patricia diviaion: Favour* 
able L. region; Attawapiakat L. 

Small, gently flowing forest streams; Canadian into Hudsonian but 
occurring locally in the Transition zone; common northward. At its 
southern limit, near DeGrassi Point, where it is not uncommon on a 
small stream, the adult season ranges from early June to the beginning 
of August, the earliest date being June 6 and the latest Aug. 5. Else- 
where the earliest date is June 10, when a specimen was found emerging 
on the Gull River, Lake Nipigon. 

94. Somatochlora elongata (Scudder) 

PARRY SOUND: Sand Crk., Frank's Bay, L. Nipissing. NIPISSING: Algonquin 
Park (JHM); Costello L. (RBM), Smoke L. and Oxtongue R., Algonquin Park; stream 
near north end of L. Timagami; Island Bay Crk., Deer Bay and Outlet Bays, L. 
Timagami (WER). ALGOMA: Heyden (EBW). THUNDER BAY: Orient Bay, L. 
Nipigon. 

Forest streams with a decided current, locally common in the 
Canadian zone and doubtless distributed farther north than the records 
indicate. The dates, which are scanty, range from June 20 to Aug. 24. 
Most of the records are for the month of August. 

95. Somatochlora williamaoni Walker 

BRANT: Glen Morris (MP). WELLINGTON: Guelph (NB). YORK; Toronto; 
Maskinonge R. DUFFERIN: Horning’s MilU (FPI). BRUCE: Johnson’s Harbour 
(WL); Southampton (GSW). SIMCOE; Cook Bay, L.Simcoe,Wa8hago. MUSKOKA: 
Go Horae Bay; Port Sydney (NKB); Norway Pt., L. of Bays. PARRY SOUND: 
Sand Crk., Frank’s Bay, L. Nipissing; Kearney (FPI). MANI'pOULIN: Fitzwilliam 
I., Georgian Bay. NIPISSING: Goose Is., L. Nipissing; French R. near headwaters; 
Tomico R. and Mud L., near North Bay (WER); Oxtongue R., Godda, Crown and 
Wolf L. (FPI), Costello L. (RBM) and Joe L., Algonquin Park; Deer Bay, High Rock 
I. and Outlet Bay, L. Timagami (WER); Obabika L., Croaa L. and Ko-ko-ko L., 
Timagami. ALGOMA: Root R. THUNDER BAY: Shakeqmre 1. (OFRL), Orient 
Bay and Wabinosh, L. Nipigon; Current E.; Gull R. (CSH); Pdican L.; Slver L, 
L. Superior. COCHRANE: Lowbush R., L. Abitibi. 

Quiet, shady, forest streams; common in the lower Canadian and 
northern parts of the Transition zone, but females are very secretive 
and are seldom seen. It is the commonest Somatochlora exo^ in the 
far north. The dates range from June 27 to Sept. 14, both from DeGraau 
Point, where a long series of records has been obtained. It is common 
throughout July and August, 
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96. SoxnatocUora tenebrosa (Say) 

NORFOLK; Simcoe (GMF). WENTWORTH; HamiltonC?). WELLINGTON; 
Guelph (OEY). HALTON; Limehouse (Medcalf). ONTARIO; Glen Major (WER). 
SIMCOE: Cook Bay, L. Simcoe. NIPISSING: Godda L., Algonquin Park (FPI); 
Gull Lake Torrent, Timagami (WER). 

Shady forest streams; mainly Alleghanian and Carolinian, but 
occurring locally in the lower Canadian zone, rare in Ontario. The 
earliest and latest dates are July 1 and August 29, both from DeGrassi 
Pt. The specimens from Timagami (4cr, 1 9) were taken on Aug. 24, 
1931. 

97. Somatochlora franklini (Selys) 

SIMCOE; DeGrassi Pt. (Cook Bay), 3.VI.’34, Id’. CARLETON; Mer Bleue. 
THUNDER BAY: Sucker R. near Longuelac; Black Sturgeon L. COCHRANE: 
Smoky Falls, Mattagami R. (RV^W); Moosonee; Nettitichi Pt., James Bay, 14.VII.'34 
(ESP). KENORA, Patricia division: Favourable L. region; Attawapiskat L.; Fort 
&vern, Hudson Bay (CEH). 

Cold sphagnum bogs, Hudsonian and cooler parts of the ('anadian 
zone, common north of the Hudson Bay watershed. An isolated popu- 
lation occurs in the Mer Bleue, an extensive peat bog far south of its 
general range, and here it has been taken from May 20 to July 1. The 
season is later in the far north, specimens from James Bay taken on 
July 14 being all quite young. The specimens from the Patricia region, 
taken from June 22 to July 20, are also chiefly juveniles. The latest 
date is that of the single specimen from Black Sturgeon Lake, July 20. 
The individual from DeGrassi Point was undoubtedly a straggler. 

98. Somatochlora kennedyi Walker 

YORK; near Schomberg. SIMCOE; Cook Bay, L. Sirncoc; Severn (JHM), 
CARLETON; Mer Bleue. HALIBURTON; Miner's Bay (JHM). MUSKOKA: Port 
Sydney. PARRY SOUND: Frank’s Bay, L. Nipissing. NIPISSING: Ko-ko-ko L., 
Timagami. ALGOMA; Sault Sic. Marie. COCHRANE: Lowbush, L. Abitibi; Smoky 
Falls, Mattagami R. (RVW). 

Cold bogs and swamps, typical of the Canadian zone but occurring 
also locally in the Transition zone. It is an early species, at least in 
Southern Ontario, the season of flight coinciding approximately with the 
month of June. The earliest and latest dates from the Mer Bleue are 
June 5 and July 1. The latest date elsewhere in the Province is Aug. 5 
(Timagami). 

99. Somatochlora incurvata Walker 

PARRY SOUND; Sand Crk., Frank’s Bay, L. Nipissing, 21.VII. ’29, Ic?. 
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The only other localities known for this species are Whitefish Point, 
Chippewa Co., Mich.; Truro, N.S.; White Point Beach, Queen's Co., 
N.S. (JHM) and the Moser River, Halifax Co., N.S., whore a male was 
taken between October 10 and 15, by Mr. H. C. White. This is an 
extraordinarily late date for a Somatochlora. 

100. Somatochlora forcipata (Scudder) 

SIM COE: Cook Bay, L. Simeoe. NIPISSING: Algonquin Park; Long Gull Lake 
portage, Tiniagami, 2d^ (WER). COCHRANE: Smoky Falla, Mattagami R. (RVW). 

Small, 8pring-f(Hi, boggy streams; boreal, ranging through the 
Canadian into the Hudsonian zone, rare and local in the Transition but 
probably not uncommon in the north, in spite of the few records. The 
range of dates is from June 26 (Lake Simeoe) to Aug. 17 (Timagami), 

101. Somatochlora whitehousei Walker 

KENORA, Patricia section: Fort Severn, Hudson Bay, 4-20 \'II. '40, 36 cT, 56 9 
(CEH & WBS). 

Cold bogs or muskegs in the Hudsonian zone, from Labrador to 
British Columbia. Judging from the large series taken at Fort Severn, 
this must have been one of the most abundant dragonflies in the district. 

102. Somatochlora septentrionalis (Hagen) 

KENORA, Patricia section: Fort Severn, Hudson Bay, 20, 21. VIL '40, 2 9 (CEH), 

Cold bogs in the Hudsonian zone, from Labrador and Newfoundland 
to northern British Columbia. In Labrador it is more abundant than 
5. whitehousei, but on Hudson Bay the reverse is the case. 

103. Somatochlora albicincta (Burm.) 

THUNDER BAY: Nipigon; Orient Bay, Virgin Isles, Cook Pt. and Black Sturgeon 
Bay, L. Nipigon, and the north end of L, Nipigon. COCHRANE: Lowbush, L. Abitibi; 
Smoky Falls, Mattagami R. (GSW), KENORA, Patricia section: Attawapiskat L.; 
Fort Severn, Hudson Bay (CEH). 

Quiet, bog-margined streams and open bog ix>nds, strictly boreal; 
common in the upper Canadian and Hudsonian zones. The dates range 
from July 14 to &pt. 1. 

104. Somatochlora hudsonica (Hagen) 

THUNDER BAY: Sucker R. COCHRANE: Moose Factory. KENORA. Patricia 
section: Favourable Lake region; Attawapiskat L.; Fort Severn, Hudson Bay (CEH). 

These are the only records of this Hudsonian species east of Mani- 
toba. Its haunts are similar to those of 5. albicincta. The dates range 
from June 27 (Favourable Lake) to Sept. 28 (Moose Factory). 
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105. Somatochlora cingulata (Selys) 

NIPISSING; Island Bay and near High Rock, L. Timagami (WER). THUNDER 
BAY; headwaters of Sucker R.; Longuelac; Grassy L.; Silver 1. and St. Ignace I., 
L, Superior. COCHRANE: Sucker L. near L. Abitibi; Hurricanaw I., Hannah Bay, 
Janies Bay, 14.VI1.1934, IcT (ESP); Smoky Falls, Mattagami R., full-grown nymph 
in stomach of pike (RVW). KENORA, Patricia section: Favourable L. region; Attawa- 
piskat L. 

Lakes and larp^e streams; Canadian and Hudsonian zones, ranging 
somewhat farther south than 5. albicincta. The dates range from June 
24 to Sept. 5, A large series taken at Attawapiskat Lake, June 24-26, 
were all more or l(»ss tenoral. 

106. WilUamsonia fietcheri Wmsn. 

CARLETON: Mcr Bleue. NIPISSING: L. Timagami. 11.VL1932, (AWAB). 

A glacial relict inhabiting muskegs and possibly widely distributed 
in the north. Its season at Mer Bleue is very early and brief, doubtless 
somt‘tinu*s earlier than is suggested by the dates, which range from 
May M) to June 5. This is indicated by the fact that specimens taken 
in May 19, 1911, by Dr. F. P. Ide and Prof. J. S. Rogers are all mature 
and include a pair taken in coitu. 

107. Helocordulia uhleri (Selys). 

WELLINGTON: Guelph (col.?). HASTINGS: Black R. FRONTKNAC: 
Salmon R. MUSKOKA; Go Home Bay; Port Sydney (NKB). PARRY SOUND: 
Magnetawan R. (PH); Shawanaga R.; French R. near headwaters; Sand Crk., Frank's 
Bay, L. Nipissing. RENFREW: Petawawa Forest Res. (VEH). NIPISSING: Smoke 
L. and Joe L,, Algonquin Park; L. Timagami (AWAB). THUNDER BAY: Orient 
Bay, L. Nipigon. 

Rocky streams and lakes, not uncommon in the Alleghanian and 
southern parts of the Canadian zone. The season of flight is early, the 
dates ranging from May 25 (Magnetawan River) to July 14 (L. Nipigon). 
Specimens taken on the Magnetawan on May 25 were all teneral. 

108. Tetragoneuria canis McLachlan 

DUFFERIN; Horning’s Mills (FPI). SIMCOE: Cook Bay. L, Simcoe; Sing- 
Hampton (WER). VICTORIA: Bobcaygeon (JHM). PETERBOROUGH: Havelock. 
LANARK; Silver L.; Innisville. LEEDS; Brockvillc. CARLETON: Ottawa; Mer 
Bleue and Carlsbad Springs (JHM). HALIBURTON; Minden (GSW). PARRY 
SOUND: Frank's Bay, L, Nipissing (WER). RENFREW: Petawawa Forest Res. 
(VEH). NIPISSING: Sandy L, L. Nipissing; Cache L. (JHM). Joe L. and Burnt 
Island L., Algonquin Park. SUDBURY: Sudbury (JDE). COCHRANE; Lowbush 
and Ghost R., L. Abitibi. KENORA: Minaki (JHM). 

Bog ponds and alow, boggy streams; Canadian and Transition zones. 
It is of regular and constant occurrence at the stream near DeGrassi 
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Point, whereas the other Tetragoneurias are very irregular in this 
locality, both in occurrence and in numbers. This is one of our earliest 
dragonflies to appear in the spring, emergence having been observed at 
DeGrassi Pt. from May 10 to June 16. The range of dates is from 
May 6 (Petawawa Res.) to July 18 (L. Abitibi). 

109. Tetragoneuria apinigera Selys 

YORK: Toronto; Pottageville; Kelly L.; Wilcox L.; Schomberg. BRUCE: John* 
ton’s Harbour (WL). SIMCOE: Cook Bay, L. Simcoe; Nottawasaga R. near Allitton; 
Singhampton (WER); Severn (JHM). VICTORIA: Fenelon Fallt (WER); Bob- 
caygeon (JHM). PETERBOROUGH: Madoc. LEEDS: Gananoque R. near Ganan- 
oquc. LANARK: Silver L.; InnUville; Ashton; Carleton Place. GLENGARRY: 
Apple Hill (LMS). RUSSELL: near Clarence. CARLETON: Mer Bleue. MUSKOKA: 
Go Home Bay; Port Sydney (NKB). PARRY SOUND: Frank's Bay, L. Nipissing. 
RENFREW: White L., swarming. NIPISSING: islands in L. Nipissing; Joe L., 
Algonquin Park. SUDBURY : Sudbury. THUNDER BAY : Orient Bay, L. Nipigon; 
Shakespeare L, L. Nipigon (OFRL); Sand R.; Silver I., L. Superior; Burnt I., L. 
Superior (DAM); Fort William (AGH). COCHRANE: Smoky Falls, Mattagami R. 
(GSW). KENORA: Minaki (JHM); Hawk L., Patricia section (HCL). 

Marshy borders of lakes and slow streams, abundant and generally 
distributed, especially in the Canadian zone. In the Transition zone, 
and perhaps elsewhere, it is subject to marked fluctuations in numbers. 
At DeGrassi Pt., e.g., it is sometimes absent for years in succession 
and then suddenly becomes abundant. The dates range from May 24 
(Toronto) to July 15 (L. Nipissing). At Go Home Bay the season 
extended from May 29 to July 2. 

In the region immediately north of Lake Superior this species appears 
of a uniformly larger size than elsewhere. In general, northern specimens 
are somewhat larger than southern, but the Lake Superior form appears 
to be a local race. 

110. Tetragoneuria cynosura ejmotura (Say) 

ESSEX: Pt. Pelce. KENT; Rondeau Park. NORFOLK: Long Pt.; Fither'a 
Glen (GSW). HALDIMAND; Oneida twp. WELLAND; Cbippawa. LINCOLN: 
Niagara-on-the-Lake; Jordan (GSW). PEEL: Credit Forks. YORK: Toronto. SIM* 
COE: Washago (CHC). HASTINGS: Belleville. 

Marsh-bordered lakes, bays and mouths of slow streams with 
emergent vegetation, common and, in its tyjincal form, practically 
confined to the Carolinian zeme. The specimens from Crettit Forks, 
Washago and Belleville approach the variety simtdaus, while at Toronto 
both varieties occur together with intergrades. The Crtdit Forlw 
specimens were taken on July 19, ail the others in June, the dates 
ranging from the 8th to the 27tk. Our records, however, are scanty 
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and there is every reason to believe that emergence begins a week or 
so earlier than is indicated here. 

110a. Tetragoneuria cynosura simulans Muttk. 

ESSEX: Pt. Pciee (NKB). BRANT: Glen Morris (NF). YORK: Toronto; Bond 
L,; Wilcox L.; Kelly L.; Schomberg R. ONTARIO: Glen Major (WER). PRINCE 
EDWARD; Glen I., Picton (NF); Sand Hills; East L. BRUCE: Johnson’s Harbour 
(WL). SIMCOE: Cook Bay, L. Simcoe. HASTINGS: Belleville; Black R. FRON- 
TENAC: Arden; Silver L. LEEDS: firockville; Portland (JHM); Lyn (GSW). 
LANARK: Fall R.; Perth; Innisville. PRESCOTT: Plantagenet. CARLETON: 
Ottawa; Mcr Bleue. MUSKOKA: Go Home Bay; Norway Pt., L. of Bays (JHM); 
Port Sydney (NKB, RY). PARRY SOUND: Kearney (FPl). RENFREW: White 
L., swarming; Little Tucker Crk. NIPISSING: near headwaters of French R.; Costello 
L. (RBM) and Joe L., Algonquin Park; Timagami (ADR). 

This form inhabits the same type of habitat as typical cynosura 
with which it sometimes intergrades. It appears to be rather character- 
istic of the Alleghanian zone but extends a short distance into the 
Canadian. Northern individuals, c.g., those from northern Muskoka 
and northward, show the maximum size of the dark patch at the base 
of the hind wings. 

T. cynosura fluctuates considerably in numbers. It is som(‘times 
extremely abundant, e.g., at Go Home Bay in 1907 and 1908. It has 
been at times abundant at DeGrassi Point but is sometimes absent or 
rare for periods of many years. The recorded dates range from May 30 
(Wilcox L.) to July 3 (Go Home Bay). At Go Home Bay emergence 
was noted from June 13 to 17, being about two weeks later than that 
of r. spinigera, both at the beginning and end. 

111. Epicordulia princeps (Hagen) 

ESSEX: Pt. Pelee. KENT: Rondeau Park. ELGIN; Port Stanle> . NORFOLK: 
St. Williams. WELLAND: Niagara Falls. WENTWORTH: Hamilton. PEEL: 
Erindale. YORK: Grenadier Pond, Toronto; Maskinonge R., L. Simcoe. PRINCE 
EDWARD: Sand Bay and West Lake. SIMCOE; Severn (JHM). PRESCOTT: 
Plantagenet. CARLETON: Ottawa district; Black Rapids, Rideau River (JHM); 
Mer Bleue (JAL); Mississippi R., near Galctta and near Pakenham. MUSKOKA: 
Go Hmue Bay, NIPISSING: Algonquin Park, 

Rivers and lakes, in quiet waters, Carolinian and Transition zones; 
generally fairly common, especially southward. It has not been taken 
on Lake Simcoe and only one individual has been seen on the Maskinonge 
River. The dates range from June 7 (Erindale, a newly emerged 9) to 
Aug. 6 (Go Home Bay). 

Spedmens from the Carolinian zone and as far north as Toronto 
have large nodal and apical spots. These spots decrease in size north- 
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ward, reaching their minimum at Go Home Bay, where the nodal spots 
may disappear altogether and only traces of the apical spots remain. 

112. Neurocordulia yamaskanensis (Prov.) 

ESSEX; Leamington, 27.VI.’34 , 3 9. LANARK: Mississippi L. at Innisvillc. 
CARLETON: Ottawa. MUSKOKA: Go Home Bay; Port Sidney (RY). PARRY 
SOUND: Shawanaga R.; South Bay, L, Nipissing. NIPISSING; Ragged L., Algonquin 
Park; L. Timagami (JGO). 

Rock-margincd lakes and channels, apparently abundant in its 
special habitats, but .seldom seen owing to its short season of flight 
and crepuscular habits. Most of the above records are based on exuviae. 
At Go Home Bay it emerged from June 23 to July 8 and the latest 
date on which it was observed was July 23. Kxuviae, however, were 
found abundantly on the shore of Mississippi Lake, Lanark Co., on 
June 7, 1940. 

113. Didymops tranaversa (Say) 

NORFOLK; St. Williams. HALDIMAND: Oneida twp. SIMCOE: Cook Bay, 
L. Simcoe; Orillia (JHM); Severn (JHM). VICTORIA: Louer Mud Lake (LAP); 
Fenelon Falls (WER); Bobcaygeon (JHM). PETERBOROUtJH: Stony L. (JGO). 
HASTINGS: Moira R. near Belleville; Black R. FRONTENAC: Arden. LANARK; 
Silver L.; Fall R.; Perth; Innisvitle. PRESCOTT: near Pomt Fortune, Que. 
CARLETON: Ottawa; Brittania Bay, Black Rapids, Rideau R. (FPI). MUSKOKA: 
Go Home Bay; Norway Pt., L. of Bays (JHM). PARRY SOUND: Shawanaga Bay 
(RPW); Kearney (PFI); Sand Crk., Frank's Bay, L. Nipissing. RENFREW: 
Petawawa Forest Res. (VEH). NIPISSING; L. Traverse (JRD), Joe and Blind 
Lakes, and Oxtongue R., Algonquin Park; L. Timagami (JGO). THUNDER BAY: 
Orient Bay, L. Nipigon; Silver 1., L. Superior. 

Forest lakes and larger streams, especially those with rocky shores, 
common and generally distributed in Southern Ontario. The season of 
flight is early, the dates ranging from May 23 (Mud Lake) to July 31 
(Lake Simcoe), the latter date being exceptionally late. Emergence 
was observed at Go Home Bay up to June 19 . 

114. Macromia illinoiensis Walsh 

KENT; Thames R., Orford twp. MIDDLESEX: Thames R. near Wardsville. 
NORFOLK: Normandale (GSW). SIMCOE; Cook Bay, L. Simcoe, CARLETON; 
Dunrobin (HLV); Cyrville. MUSKOKA: Go Home Bay; Port Sydney (RY); Norway 
Pt.. L. of Bays. PARRY SOUND: Sand Crk., Frank's Bay, L. Nipissing. MANL 
TOULIN: Mindemoya L. (TBK). RENFREW; Petawawa Forest Res. (VEH). 
NIPISSING: Goose Is., L. Nipissing; Oxtongue R., Algonquin Park; North Bay 
(WER). THUNDER BAY: Wabinosh, L. Nipigon; Gull R. (CSH). KENORA: 
Minaki (JHM). 

Rivers and large lakes with rocky shores, in more exposed situations 
than Z>. transversa; abundant on Georgian Bay» rarer northwai^ and 
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not known beyond the Hudson Bay watershed. The dates range from 
June 17 (Petawawa River, 1 9 with exuv.) to Aug. 27 (DeGrassi Pt.). 
It usually emerges from about the end of June to the first week in 
July. In recent years it has been rare at DeGrassi Point, where it was 
formerly common, although no perceptible change in its habitat has 
taken place. 


Libellulidae 

115. Nannothemis bella (Uhler) 

MIDDLESEX: near London. BRANT: Glen Morris (NF). HURON: Grand 
Bend (TNF). PEEL: Snelgrove. MUSKOKA; Go Home Bay. RENFREW; near 
Stonecliffe. 

Floating sphagnum bogs, abundant in some of the bog ponds in the 
vicinity of Go Home Bay. Carolinian and Alleghanian. The dates 
range from June 24 (Glen Morris) to Aug. 26 (Go Home Bay). It was 
common at the bog near Stonecliffe on June 27 and all the individuals 
were mature, so that emergence must have been over for some time. 

116 . Perithemis tenera (Say) 

ESSEX: Pt. Pelce, 29.VL’29, 19. KENT: Thames R. near Prairie Siding, 
13.VHL'85, 5d^; 8 VH.’36, IcT seen. 

The Point Pelee specimen was taken from the edge of a small shallow 
lagoon in a large oj>en marsh near the lake shore; the others from a 
long narrow pond, originally part of the Thames River, from which it 
is separated by a narrow strip of grassy land, a few yards wide. It is 
not stagnant, being narrowly connected with the river at one end. 
This species is strictly Carolinian and, in Canada, is apparently confined 
to the extreme southwestern part of southern Ontario, where it is 
evidently very local. 

117. Celithemis elisa (Hagen) 

ESSEX; Pt. Pelee. KENT: Rondeau Park. LAMBTON: Sarnia; Point Edward. 
NORFOLK: Turkey Pt. (SLT). WELLAND: near Niagara Glen. YORK: Don 
Valley, Toronto, BRUCE; Southampton; Chesley (GSW). MUSKOKA; Go Home 
Bay; Dwight, L. of Bays. PARRY SOUND: Simm's L. NIPISSING: near head- 
waters of French R. 

Marshy or boggy lakes and lagoons, fairly common in the Carolinian 
zone and locally so in the Alleghanian, The earliest date is June 16 
(Niagara Glen). At Go Home Bay it was found from June 22 to Aug. 
20 and the single specimen from Dwight was taken on Aug. 23. 
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118. Celithemis monomelaetia Wmsn. 

YORK: Toronto (Hagen, ’9(te, as C. faseiaUi Kby.j this record repeated by 
Williamson (TO) under the above name. 

It is improbable that this species now occurs in the vicinity of 
Toronto and the single specimen recorded by Hagen may have been a 
stray from the south. 

119. Celithemis eponina (Drury) 

ESSEX: Pt. Pelee. KENT: Prairie Siding. LAMBTON: Sarnia. NORFOLK: 
Turkey Pt. (SLT). YORK: Toronto, Grenadier Pond. LEEDS: near Brockville. 

Open marshes and lagoons, abundant in the extreme south; Caro- 
linian. The dates range from June 15 to Aug. 16. 

120. LibelluU semifasciata Burm. 

ESSEX: Pt. Pelee. KENT: Rondeau Park; Mitchell’s Bay, L. St. Clair (SL & WL). 
YORK: Toronto; Scarborough. SIMCOE: DeGraasi Pt., Cook Bay, L. Simcoe. 

Small, forest streams and marshy bays; Carolinian, abundant at 
Point Pelee and Rondeau Park. It is an early species, the dates ranging 
from May 25 (DeGrassi Pt.) to July 15 (Pt. Pelee). 

The discovery of this species at DeGrassi Point in 1936 for the first 
time in over thirty years collecting was surprising. They flew in an 
open wood in company with large numbers of L. guadritnaculata from 
which they were difficult to distinguish at a short distance. Only 2cf 
and 1 9 were taken. This is well out of the normal range of this species. 

121. Libellula quadrimaculata L. 

ESSEX: Pt. Pelee. KENT: Rondeau Park; Big Point, L. St. Clair (WL). NOR- 
FOLK: Long Pt.; Turkey Pt. (TNF). HALDIMAND: Oneida Twp. WENTWORTH: 
Hamilton. BRANT: Glen Morris. PEEL: Snelgrove; Erindale; Gibson L. YORK: 
Toronto; Woodbridge; Kelly L,; Kleinburg; Schomberg. ONTARIO; Glen Major. 
DURHAM: Newcastle. PRINCE EDWARD: East Lake. SIMCOE: Cook Bay. L. 
Simcoe. VICTORIA: Fenelon Falls (WER). HASTINGS; Belleville; ShaimonviUe. 
FRONTENAC: Silver L. LEEDS; Gananoque R. near Gananoque; St, Lawrence 
R. near Gananotjue; Brockville. LANARK: Innisville; Perth. PRE^OTT: L'Orignal. 
CARLETON: Bell’s Corners; Ottawa; Carp (RHO); Cyrville; Carlsbad Springe; Mer 
Bleue; Mississippi R. near Galetta. MUSKOKA: Go Home Bay; L. of Bays (JHM); 
bog ponds between Baysville and Bracebridge; Port Sydney (NKB). PARRY SOUND; 
Frank's Bay, L. Nipissing. RENFREW: Smdee R.; Port Alexander; floating bog near 
Stonecliffe. NIPISSING: near headwaters of French R.; Cache L. (JHM) and Joe L., 
Algonquin Park; L. Timagami. ALGOMA: Stony L. (EBW); Little Carp R.; ^nish 
R. (DSR). SUDBURY: Sudbury (JDE). THUNDER BAV: Orient Bay, L. NipigWJ 
Gull R. (CSH); Silver I., L. Superior. COCHRANE: Liowbush, Bartlett Pt. and 
Ghost R., L. Abitibi; Smoky FaUs (RVW); Moosonee (MDK). KENORA, Patricia 
section: Favourable L. region; Attawapiskat R. 
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Quiet marshy or boggy waters, especially small ponds; generally 
distributed and abundant everywhere. The season of flight is long, the 
dates ranging from May 8 (Toronto) to Aug. 19 (Go Home Bay). In 
the southern counties, however, it is chiefly a spring and early summer 
form. In the north it is the dominant large libellulid. 

122. LibeUuU jttlla Uhler 

ESSEX: Pt.Pelee. KENT; Rondeau Park. MIDDLESEX: London, NORFOLK: 
LongPt. WATERLOO: Dumfries N. twp. HURON: Grand Bend. PEEL; Snelgrove; 
Gibson L. YORK: Toronto; Kelly L. PRINCE EDWARD: East L, BRUCE: John- 
son’s Harbour (WL); Stokes Bay and Red Bay (NF). SIMCOE: Cook Bay, L. Simeoe. 
VICTORIA: Fenelon Falls (WER); Bobcaygeon QHM). HASTINGS: Belleville; 
Bancroft (JDE). FRONTENAC: Silver L. LEEDS; Brockville. LANARK: Silver 
L.; Fall R.; Perth; Innisville. CARLETON: MacKay L., Ottawa (AG, AWR); Mer 
Bleue; Mississippi R. near Galetta. MUSKOKA; Go Home Bay; Port Sydney (RY); 
bog ponds between Baysville and Bracebridge; Black L., L. of Bays (JHM). PARRY 
SOUND: Frank’s Bay, L. Nipissing. RENFREW: White L.; Port Alexander; near 
Stonecliffe; Barbut Crk.; Petawawa Forest Res. (VEH). NIPISSING; near head- 
waters of French R.; Joe and Burnt Island Lakes, Algonquin Park; L. Timagami 
(AWAB). THUNDER BAY: Orient Bav, L. Nipigon; Bonabec, Gull R. (CSH); Fort 
William (AGH); Silver l.,L, Superior. COCHRANE: Long Pt., L. Abitibi. KENORA: 
Minaki. 

Bog ponds, marshy lakes and bog-margined streams, widely dis- 
tributed and very abundant, especially in acid waters. A large swarm 
of this species, together with Tetragoneuria spinigera and T. cams, was 
observed at White L., Renfrew Co,, on June 26, 1936. The earliest 
and latest recorded dates are May 24 (Kelly Lake) and Aug. 20 (Go 
Home Bay). At DeGrassi Pt. it is most abundant in June and its season 
is usually over by the end of July. 

123. Libellttlt luctuoM Burm. 

ESSEX; Pelee I. (FMR, NF); Pt. Peine; Belle R.; Puce. KENT; Mitchell’s Bay 
and Big Pt., L. St. Clair (SL & WL); near Paincourt and Prairie Siding; Dover Centre. 
LAMBTON: Walpole Id.; Courtright; Point Edward. NORFOLK: Norfolk; Long 
Pt.; Turkey Pt.; Simeoe. OXFORD: Thamesford. HALDIMAND: Caledonia. 
WEIXAND: Niagara Glen, WENTWORTH: Hamilton. WATERLOO: Dumfries 
N. iwp. HURON: Grand Bend (TNF); Aux Sables R.; Auburn. YORK: Toronto; 
Maskinonge R. NORTHUMBERLAND: Trenton (JDE). PRINCE EDWARD: 
East L. SIMCOE: Cook Bay, L. Simeoe. HASTINGS; Belleville. LEEDS: Lyn 
(QSW). CARLE’TON: Ottawa; Long I., Rideau R. (FPI); Carp (col.?); Mississippi 
R. near Galetta. 

Marshy bays, lagoons and slow streams, common in the Carolinian 
zotiei- local in the Transition. After many yaars of absence at DeGrassi 
Point, this species appeared in numbeta in 1939 and 1940. Newly 
emerged spedmms were observed in Prince Edward Co. on June 19 
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and at Belleville and Point Pelee on June 20. At Point Pelec, however, 
emergence begins earlier than this, as some of the individuals observed 
on this date were beyond the teneral stage. They were emerging on 
the Mississippi River on June 26, 1936. The latest date we have recorded 
is Aug. 31 (Toronto). 

124. Libellula incesta Hagen 

ESSEX; Pt. Pelec. NORFOLK: Turkey Pt. (SLT). SIMCOE: Seabright (CMC). 
LEEDS: near Brockville. CARLETON?: Ottawa district. MUSKOKA: Kahshe L.; 
Go Home Bay; Black L., L. of Bays (JHM); near Baysville. 

Marshy lakes and lagoons, common at Point Pelee, local northward, 
mainly Carolinian. The dates range from June 21 (Brockville, 1 juv. 9 ) 
and June 25 to Aug. 11 (Pt. Pelec). It doubtless emerges earlier at 
Point Pelee. 

125. Libellula pulchella Drury 

ESSEX: Pelee I, (FMR); Pt. Pelee; Puce. KENT: Big Pi. and Mitchell’s Bay, 
L. St. Clair (SL & WL); Prairie Siding; Dover Centre; Chatham; Thames R., Orford 
twp.; Rondeau Park; Morpeth. LAMBTON: St. Anne I. and Walpole L; St. Clair 
R. near Courtright; Point Edward. ELGIN; Port Stanley: Port Burwell; St. Thomas; 
Springer Crk. MIDDLESEX; London; Arva. NORFOLK: Simcoe (TNF); St. 
Williams; Long Pt.; Turkey Pt. (TNF). OXFORD: Tillaonburg; Thamesford. BRANT: 
Dumfries S. twp. HALDIMAND: Port Maitland (NF); Jarvis; Caledonia. WEL- 
LAND: Crystal Beach; Welland R. near Hewitt; Gasline; Fort Erie; Cbippawa; 
Niagara Falls; Niagara Glen. WENTWORTH: Hamilton. WATERLOO: Dumfries 
N. twp.; Kitchener (WJF). HURON: Aux Sables R., Grand Bend; Goderich; Auburn. 
HAL ION: 12-mile Crk., near Palermo; Georgetown. PEEL: Sneigrove; Credit Forks; 
Erindale. YORK: Toronto; Scarborough; Summerville; Wuodbridge; Kieinburg; 
Thornhill; Maskinonge R.; Highland Crk. PRINCE EDWARD: Bloomfield; Sand 
Bay; West L.; East L. BRUCE: Southampton; Stokes Bay (NF). SIMCOE: 
Nottawasaga R., Essa twp.; Cook Bay, L, Simcoe; Wasaga Beach; Singhampton 
(WER). HASTINGS: Belleville. LEEDS: Gananoque R. near Gananoque; near 
Brockville. PRESCOTT: L’Orignal; Plantagenet. CARLETON: Ottawa; Rockcliffe 
(GHF); Long I., Rideau R. (FPI); Carlsbad Springs; Cyrville; Shirley’s Bay (CBH); 
Carp (AWR); Mississippi R. near Galetta and near Pakenham. MUSKOKA: Go 
Home Bay. PARRY SOUND: Frank’s Bay, L. Nipissing. RENFREW: Snake R. 
NIPISSING: near headwaters of French R. ALGOMA: Thessalon. THUNDER 
BAY: Fort WUliam. KENORA: Minaki. 

Ponds, marshy lakes and slow streams, abundant in the agricultural 
districts of the south, much less common in the Pre-Cambrian regions, 
very local in the Canadian zone, only the southern fringe of which it 
appears to inhabit. It is by far the commonest Libellula in “extreme 
southern Ontario”, being replaced northward by L. gmdrimacidata. 
The dates range from June 2 to Sept. 28 (both in the Toronto region). 
Newly emerged individuals have been found as late as Sept. 28, although 
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June is the usual month for their appearance. These late individuals 
come from the shady upper parts of streams at the upper limit of their 
ecological distribution. The season of flight is practically over by the 
end of August, September individuals being unusual. 


126. Libellula lydia Drury 

ESSEX: Pt. Pelec (FMR, NKB); Leamington; Puce. KENT: Rondeau Park; 
Chatham; Orford twp.; Morpeth; Prairie Siding. ELGIN: Port Stanley. MIDDLE- 
SEX: Wardsville; London. NORFOLK: Norfolk (TNF); Simcoe (TNF); Long Pt. 
OXFORD: Thamesford. BRANT: Princeton; Dumfries S. twp. HALDIMAND: 
Oneida twp. WATERLOO: Dumfries N. twp. HURON: Grand Bend. WELLAND: 
Forks Crk.; Welland R. near Hewitt; Crystal Beach; Gasline; Fort Erie; Chippawa; 
Niagara Glen. HALTON: Milton; Palermo. PEEL: FCrindalc; Gibson L. YORK: 
Toronto; Kleinburg; Woodbridge; Thornhill. ONTARIO: Glen Major (WER); 
PRINCE EDWARD: Bloomfield; East L. SIMCOE: Nottawasaga R., near Alliston; 
Cook Bay, L. Simcoe. HASTINGS: Belleville. LEEDS: near Brockville. LANARK: 
Perth. PRESCOTT: L’Orignal; Plantagenct. CARLETON: Ottawa; Carp (CHY); 
Cyrville; Carlsbad Springs; Mer Bleue; Mississippi R. near Galetta and near Paken- 
ham. MUSKOKA: Bracebridge. PARRY SOUND: Sand Crk., Frank’s Bay, L. 
Nipissing. RENFREW: Snake R.; bog pond near Stonecliffe. NIPISSING: l^ndy 
L, L. Nipissing. 

Muddy ponds, puddles and quiet pools in small streams in deep 
soils, abundant in agricultural districts, rare in the Canadian zone, 
which it penetrates apparently but a short distance. The season of 
flight is long, the dates ranging from May 31 (York Co.) to Aug. 25 
(Tioga). It is most abundant in June. 


127. Tametrum corruptum (Hagen) 

ESSEX: Pt. Pclee (FMR, WER, GSW). KENT: drainage canal between Pain- 
court and Prairie Siding; Rondeau Park. HALDIMAND: Port Maitland (NF). 
YORK: Toronto. DURHAM: Newcastle (WER). GREY: Camperdown (NF). 
SIMCOE: Gilford. Cook Bay, L. Simcoe. MUSKOKA: Giant’s Tomb I., Georgian 
Bay. THUNDER BAY; Silver I. KENORA: Minaki (seen). 

Shallow beach lagoons and marshy bays, not infrequent in extreme 
southern and probably also western Ontario, local and of irregular 
occurrence elsewhere. It appeared on the Gilford stream in some numbers 
in 1924 but has not been seen there since. The season is long, the dates 
ranging from June 27 (Newcastle) to Oct. 1 (Toronto). Specimens taken 
in September at Camperdown, Point Pelee and Toronto were fresh and 
pale in coloration, while those taken in July at Gilford and Go Home 
Bay were all fully mature. There thus appear to be two periods or 
peaks of emergence in Ontario as in Manitoba. 



256 


Thansactions of the Royae Ganadian Institute 


128. Sympetrum rubicundulom (Say) 

ESSEX: Pt. Pelee and Pelee I. (FMR). KENT: Big Pt., L. St. Clair (SL & WL); 
drainage canal between Paincouit and Prairie Siding; Dover Centre. LAMBTON: 
Walpole 1.; St. Anne I., St. Clair R. BRANT: Glen Morris (NF). HALDIMAND: 
Dunnville (WER). WELLAND: Hewitt. HURON: Grand Bend (TNF). PEEL: 
Erindate. YORK: Toronto; Downsview; Maskinonge R. SIMCOE: Nottawasaga R. 
near Alliston; Cook Bay, L. Simcoe. 

Stili marshy waters; abundant in the extreme southwestern part of 
the Province and doubtless in all the counties bordering Lake Erie; 
scarcer at Toronto and usually rare at Lake Simcoe; mainly a Carolinian 
species. Our earliest recorded date is June 21 (Hewitt), the latest Sept. 
24 (Dunnville). Specimens taken at Lake St. Clair on June 23 and 24 
were all teneral and many have the amber -coloured wings common in 
tenerals of this species. 

129. Sympatrum dadaum (Hagen) 

BRANT: Dumfries S. twp. WATERLOO: Dumfries N. twp. HALTON: George- 
town. PEEL: Snelgrove; Bolton; Erindale; Credit Forks; Gibson L. YORK: Summer- 
ville; Toronto; Woodbridge; Kelly L.; Thornhill. ONTARIO: near Balsam; BRUCE: 
Southampton (TNF); Sauble Beach (NF); Johnson’s Harbour (WL). GREY: Camper- 
down and Medord (NF). SIMCOE: Bradford; Nottawas^ia R. near Alliston; Code 
Bay, L. Simcoe; Singhampton (WER). HASTINGS: Belleville. LEEDS: St. Lawrence 
R. near Gananoque; Brockville. CARLETON: Ottawa; near Cyrville; Mississippi R. 
near Galetta. MUSKOKA: Port Sydney (NKB); L. of Bays (JHM). RENFREW: 
Snake R. MANITOULIN: Killarney (NF). NIPISSING: Goose Is., L. Nipissing, 
and headwaters of French R.; Twin Lakes, North Bay (WER); Algonquin Park 
(Walker, ’06a, as 5. rtAicMndidum); Twin Pine Camp, Ottawa R. THUNDER BAY: 
Silver I., L. Superior; north end of L. Nipigon. COCHRANE: Smoky Falls, Mattagami 
R. (RVW, GSW); Moosonee (MDK); Nettitichi Pt., James Bay (ESP). KENORA: 
Minaki; Patricia portion: Favourable Lake region; Attawapiskat L. 

Temporary ponds and sloughs, or sometimes quiet pools in small 
streams; abundant and widely distributed; Transition and Canadian 
zones. 

The season of adult life is long, the dates ranging from June 16 
(Snelgrove) to Sept. 6 (Twin Lakes). Adults continue to emerge over 
a considerable period, tenerals having been taken as late as July 17 
(French R.) and July 20 (Brockville). Newly emerged specimens were 
taken at Moosonee on July 21, but the season is doubtless late at this 
far northern locality. Specimens taken after about the middle of August 
are usually worn. 

130. Sympetrum obtrttiom> (Hagen) 

ESSEX: Pelee I. (NF); Pt. Pelee (GSW, WER). KENT: Big Pt., L. St. Clak 
(SL & WL); Walpole I.; Rondeau Park. MIDDLESEX: London. BRANT: Gleii 
Morris (NF). LINCOLN: Jordan Harbour (WRR). PEEL: Erindale; Sndgieve; 
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Credit Forks (WER); Bolton; Gibson L. YORK: Summerville; Toronto; Scarborough 
(AGH); Highland Crk.; Kelly L.; Pottageville; Thornhill; Maskinonge R. ONTARIO: 
Glen Major (WER). NORTHUMBERLAND: Cobourg (DS). BRUCE: South- 
ampton; Johnson’s Harbour (WL); Stokes Bay and Sauble Beach (NF). GREY: 
Mcaford and Campcrdown (NF); Thornbury. DUFFERIN: Homing’s Mills (WER). 
SIM COE: Nottawasaga R. in Essa twp.; Alliston; Cook Bay, L. Simcoe; Washago; 
Orillia (CHC); 8 miles n.e. of Port Severn (OAP). PETERBOROUGH: Lovesick L. 
HASTINGS: Belleville. LEEDS: Brockville. CARLETON: Ottawa (AG, JHM). 
MUSKOKA: Go Home Bay; Kahshe L. and R.; Bala (AGH); Dudley; bog ponds 
between Bracebridge and Baysville; Lake of Bays (JHM); Huntsville (NF). PARRY 
SOUND; Nobel; Shawanaga; Point au Baril; French R. (HTW); Frank’s Bay, L. 
Nipissing. RENFREW: Stonccliffe; Heency Crk. MANITOULIN: Killarney (NF). 
NIPISSING: Sandy I., L. Nipissing; North Bay (WER); Algonquin Park; Cross and 
Timagami L. (AWAB); Lowell L.; Tomico R. TIMISKAMING: Latchford. A1-- 
GOMA: Sault Ste. Marie, Heyden and Searchmont (EBW); Blind R. (PH). SUD- 
BURY: Sudbury. THUNDER BAY: Orient Bay, L. Nipigon; Unguelac (JLH); 
Silver I. COCHRANE: Lowbush, L. Abitibi. KENORA: Minaki; Patricia section: 
Favourable Lake region. 

Marshy and boggy ponds, both permanent and temporary; and slow 
streams; generally distributed; the most abundant of Anisoptera in 
Ontario. 

Emergence may begin before the end of June but reaches its height 
in July, Many were coming out of a shallow i>ond near Belleville on 
June 20, 1936, and numerous tenerals were seen at DeGrassi Point on 
June 25, 1939. Usually, however, it does not appear in numbers until 
well on in July when 5. decisum is fully mature. At Gilford, e.g,, 
specimens taken on July 26, 1923, and July 27, 1932, were newly 
emerged and the season reaches its climax in August and, in general, 
is three weeks or more later than that of 5. decisum. Our latest date 
is Oct. 11 (Toronto). 

131. Sympetruxn costiferum (Hagen) 

LAMBTON: Point Edward. HURON: Maitland R. at Goderich and Auburn. 
PEEL: Credit Forks (WER). YORK: Toronto. DUFFERIN: Horning’s Mills (WER). 
BRUCE: Southampton; Little Eagle Harbour. SIMCOE: Cook Bay, L. Simcoe; 
Wasaga Beach. CARLETON: Ottawa (AWR). MUSKOKA: Go Home Bay; Giant’s 
Tomb I., Geo. Bay; Honey Harbour. PARRY SOUND: Skerryvore; Point au Baril; 
Frank’s Bay, L. Nipissing. MANITOULIN: Fitzwilliam I. NIPISSING; North Bay 
(WER); Talon L. (FPI); Obabika and Wakimaka Crks., Timagami; L. Timagami 
(WER). ALGOMA: Thessalon. THUNDER BAY: L. Nipigon, north end. 

Shallow lakes and ponds with a firm bottom, beach lagoons and 
sometimes quiet streams; generally distributed except in the far north 
and often locally abundant. 

The season of adult life is rather late, the dates ranging from July 14 
(Giant's Tomb Island and Lake Nipissing) to Sept. 16 (Talon L.). 
Most of the records are for August. 
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132. Sympetrum vicinum (Hagen) 

ESSEX: Pelee I. (FMR, NF); Pt. Pclee (FMR, WER). KENT: Orford twp. 
LAMBTONi Walpole I. OXFORD: Tillsonburg. HALDIMAND: Jarvis. FEEL: 
Credit Forks (WER); Snelgrovc; Erindale. YORK: Summerville; Toronto; Pottage* 
vilJe; Kelly L. DUFFERIN; Horning's Mills (FPI). ONTARIO: Gkn Major. 
BRUCE: Southampton (GSW). GREY: Thornbury. SIMCOE: Cook Bay, L. Simcoc; 
Washago; Singhampton. PETERBOROUGH: Lovesick L. CARLETON: Ottawa 
(AG, JHM, CBH). MUSKOKA: Go Home Bay; Bala; Kahshe L. and R.; Dudley; 
Mactier; L. of Bays. PARRY SOUND: Shawanaga; Point au Baril; Frank's Bay, 
L. Nipissing. NIPISSING: Porcupine L. (FPI) and Ragged L., Algonquin Park; 
North Bay (WER); L. Timagami (AWAB); Lowell L. SUDBURY: Sudbury ODE), 

Marshy borders of permanent ponds, lakes and slow streams; 
generally distributed and abundant throughout Southern Ontario, into 
Central Ontario. 

This is the latest of our Anisoptera to emerge, except Anax junius, 
and one of the last to disappear. Emergence usually begins at Lake 
Simcoe about the beginning of August and fully coloured individuals 
are seldom seen before the middle of the month. Except on Pelee Island, 
where newly emerged adults have been found on July 18, the earliest 
date we have recorded is July 21 (Snelgrove). The latest date is Nov. 8, 
1938, but the season is usually over before the end of October, 

133. Sympetrum semicinctum (Say) 

MIDDLESEX: Arva. WELLAND: Niagara Falls. PEEL: Credit Forks. YORK: 
Summerville; Toronto; Highland Crk.; Pottageville (JLB); Maskinonge R. ONTARIO: 
Glen Major (WER). BRUCE: Cheslcy (GwSW). SIMCOE: Alliston; Cook Bay, L. 
Simcoe; Washago; Singhampton. LEEDS: Lyn (GSW). CARLETON: Ottawa; 
Black Rapids, Kideau R. (FPI); Mer Bleue (FPI). MUSKOKA: Go Home Bay; 
Bracebridge. PARRY SOUND: Nobel. RENFREW: Hccney Creek. NIPISSING: 
Algonquin Park; Obabika Crk. and Cross L., Timagami; L. Timagami (AWAB). 

Boggy places in the course of small streams, and spring runs; some- 
what local but not uncommon throughout Southern Ontario. 

This species is a rather late one and is most often seen in August. 
Our dates range from June 19 (Niagara Falls) to Sept. 24 (Toronto), 
but the former is an unusually early record. It has been recorded from 
Toronto in October (Walker ’06b) but without the exact date. 

134. S 5 rmpetrum danae (Sulser) 

ONTARIO: Glen Major (WER). BRUCE: Southampton; Little Eagle Harbour. 
SIMCOE: DcGrassi Pt. CARLETON: OtUwa (Nat. Coll.). MUSKOKA; Giant's 
Tomb 1., Georgian Bay. NIPISSING: Island Bay Crk. and Qbabika Crk., Timagami 
(AWAB). TIMASKAMING: Latchford. COCHRANE: towbush, L. Abitibi; Smoky 
Falls, Mattagami R. (RVW). KENDRA, Patricia section: Favourable L. rOgSon; 
Attawapiskat L. 
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Marshy ponds, lagoons and bc^gy expansions of streams; common 
in the Canadian zone and rarely found south of it. The single sfiecimcn 
from DeGrassi Point was taken in a tamarack swamp and none have 
been seen in the vicinity of Lake Simcoe on any other occasion. This 
is the earliest of our records (July 3). Next to this in early apfx;arance 
is a single teneral individual from the Giant’s Tomb Island, taken on 
July 14. Both of these localities are south of its general range. Specimens 
were found in emergence at Lake Nipigon on July 20 and at Minaki 
on July 21. The latest date is Sept. 11 (Timagami) but it probably 
flies much later than this. 

135. Leucorrhinia borealis Hagen 

KENORA, Patricia section: Favourable Lake region, 24, 28.VI.1938, 4 o’, 19. 

These specimens are all mature and the period of emergence was 
apparently over. It is known elsewhere to be a very early species 

This is the most easterly known record of this northern species of 
the Central Plains. Its range of habitat is unknown, but at the Pas, 
Manitoba, it frequents shallow, mud-bottomed lakes or sloughs with a 
marginal belt of reeds (Phragmites). 

130. Leucorrhinia hudsonica (Selys) 

PEEL: Snelgrove. BRUCE: Red Bay (NF). VICTORIA: Bobcaygeon (JHM). 
LANARK: Silver L. CARLETON: Mer Bleue. MUSKOKA: Ck) Home Bay; bog 
pond between Baysville and Bracebridge. RENFREW: Port Alexander; Stonecliile, 
floating bog. NIPISSING: Blueberry I., L. Nipissing; Cache L. (JHM); Catfish, Joe 
and Burnt Island L., Algonquin Park; L. Timagami (AWAB). SUDBURY; Sudbury 
GDE). THUNDER BAY: Nipigon; Orient Bay, L. Nipigon; Gull R. (CSH); Fort 
William (AGH); Silver I,, L. Superior, COCHRANE: Lowbush, Upper L. and Ghost 
R., L, Abitibi; Smoky Falls, Mattagami R. (RVW, GSW). KENORA: Minaki GHM); 
Patricia section: Favourable Lake region; Attawapiskat L.; Fort Severn, Hudson Bay 
(CEH). 

Cold marshy waters and bog ponds; common and generally dis- 
tributed in the Canadian and Hudsonian zones, very local in the 
Transition, where it is confined to sphagnum bogs. Only a single nymph 
was found in a floating bog pond at Snelgrove, which is far south of 
its general range. The Mer Bleue is another isolated southern station, 
where it is not rare. At Fort Severn on the coast of Hudson Bay it was 
the most abundant dragonfly. 

The time of emergence seems to be about the same in the far north 
as in southern Ontario. Tenerals were taken at Favourable Lake on 
June 2 and at Mer Bleue on June 3. The latest dates are July 20 (Fort 
Severn) and July 24 (Mer Bleue). 
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137. Leucorrhinia patricia Walker 

COCHRANE; Smoky Falls, Mattagami R., 26.VI.’34, 2cf ; I, 3.VII/34, 6(f , 1 9 
(GSW), KENORA, Patricia section: Favourable Lake region, 24.VI.’38, Id^; Fort 
Severn, Hudson Bay, 3-6, VII.’40, l<f. 8 9 (CEH). 

The few localities where this recently described species has been 
taken suggest that it is probal)ly a Hudsonian form. 

138. Leucorrhinia glacialis Hagen 

MIDDLESEX: London (Hagen, ’90d). MUSKOKA; Go Home Bay; Lake of 
Bays (JHM); bog pond between Baysville and Bracebridge. NIPISSING: Crown L. 
(FPI) and Canoe L., Algonquin Park; L. Timagami (AWAB). ALGOMA: Stony L. 
(EBW); Root R.; Michipicoien (Hagen, '90d). SUDBURY: Sudbury. THUNDER 
BAY: Fort William (AGH); Silver I., L. Superior. COCHRANE: Lowbush, L. Abitibi; 
Smoky Falls, Mattagami R. (GSW). KENORA, Patricia section: Favourable L. 
region. 

Marshy or boggy waters; widely distributed in the Canadian zone 
and sometimes abundant but usually less so than the next species. At 
Silver Islet, in 1939, it was the most abundant Leucorrhinia. Its occur- 
rence in Middlesex Co. is improbable at the present time. 

Our earliest and latest dates are June 17 (Sudbury) and Aug. 19 
(Crown Lake). 

139. Leucorrhinia proxima Calvert 

WELLAND: St. Davids (GSW). WATERLOO: Dumfries N. twp. YORK; 
Kettleby DUFFERIN: Horning's Mills (FPI). SIM COE: Cook Bay, L. Simcoe; 
Orillia (JHM). VICTORIA; Bobcaygeon (JHM). HASTINGS: Belleville. PRESCOTT: 
L'Orignal. CARLETON: Mer Bleue (FPI). MUSKOKA: Home Bay; Uke of Bays 
OHM); near Baysville PARRY SOUND: Frank’s Bay, L. Nipissing. NIPISSING: 
near headwaters of French R.; Algonquin Park (JHM); L. Timagami (AWAB); Island 
Bay Crk., Timagami (WER). SUDBURY: Sudbury; Gogama (JKM). ALGOMA: 
Heyden and Searchmont (EBW); Stony Crk. (col.?). THUNDER BAY: Nipigon; 
Orient Bay, L. Nipigon; Fort William; Silver I., L. Superior; Gull R. (CSH). COCH- 
RANE: Lowbush, Long Pt. and Ghost R., L. Abitibi: Smoky Falls, Mattagami R. 
(RVW). KENORA: Minaki; Patricia section: Favourable Lake region; Auawapiskat L. 

Still marshy or bog waters; abundant in the Canadian zone, more 
local in the Transition, somewhat rare as far south as Lake Simcoe. 
The dates range from June 10 (L. Nipigon) to Aug. 12 (L. Timagami), 

140. Leucorrhinia frigida Hagen 

WATERLOO: Dumfries N. twp. PEEL: Snelgrove. YORK; Kettleby; 
Maskinonge R. SIMCOE: Cook Bay. L. Simcoe; Severn OHM). VICTORIA FALLS; 
Fcnelon Falls (WER). MUSKOKA; Go Home Bay; Uke of Bays OHM) ; between Bays- 
ville and Bracebridge. PARRY SOUND: Frank’s Bay, L. Nipissing. RENFREW; 
Port Alexander. NIPISSING: near headwaters of French R.; Algonquin Park (JHM). 
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ALGOMA: Stony L. (EBW). SUDBURY: Sudbury. THUNDER BAY: North end 
of L. Nipigon; Silver I., L. Superior. 

Bog lakes and ponds, especially floating sphagnum ponds, abundant 
in Muskoka and neighbouring parts of the Pre-Cambrian shield; evi- 
dently a glacial relict. It is very rare at Lake Simcoe, where its charac- 
teristic type of habitat is lacking. 

Newly emerged individuals or tenerals were observed at Sncigrove 
from May 30 to June 29 and at Go Home Bay from June 1 to 24. The 
latest date recorded is Aug, 19 (Go Home Bay). 

141. Leucorrhinia Intacta Hagen 

ESSEX: Pelee I. (FMR); Pt. Pelee; Belle R.; Puce. KENT: Rondeau Park; 
drainage ditch between Paincourt and Prairie Siding. ELGIN: Port Stanley. MIDDLE- 
SEX: London. NORFOLK: Long Pt.; Delhi (GSW). OXFORD: Thamesford 
BRANT: Glen Morris (NF); Dumfries S. twp. WELLAND: St. Davids (GSW). 
WATERLOO: Dumfries N. twp. WENTWORTH: Alberton. HALTON: Georgetown. 
PEEL: Snelgrove; Erindale; Gibson L. YORK: Toronto; Woodbridge; Kelly L.; Bond 
L.; Wilcox L,; Schomberg; Maskinongc R. ONTARIO: Glen Major (WER); Port 
Perry. DURHAM: Newcastle. PRINCE EDWARD: Picton (NF); East L.; West L. 
SIMCOE: Cook Bay, L. Simcoe. VICTORIA: Fcnelon Falls (WER); Bobcaygeon 
(JHM). PETERBOROUGH: Madoc. HASTINGS: Belleville. FRONTENAC: 
Silver L. LEEDS: Gananoque R. near Gananoque; Brockville. LANARK: Innisville; 
Perth. GLENGARRY: Lancaster (NJl). PRESCOTT; L'Orignal; Plantagcnet. 
CARLETON: Ottawa; Mer Bleue; Bell’s Corners; Cyrville; Mississippi R. near 
Galetta and near Pakenham. MUSKOKA: Go Home Bay; L. of Bays (JHM). PARRY 
SOUND; Sand Crk. and Frank’s Bay, L. Nipissing. RENFREW; Snake R. NIPIS- 
SING: Goose Is., L. Nipissing, and headwaters of French R.; L. Timagami (WER). 
ALGOMA: Sault Ste. Marie. 

Marshy bays, ponds and slow streams, rarely in sphagnum bog 
ponds; generally distributed and very abundant in southern Ontario, 
scarcer northward. The season is long, the records from Lake Simcoe 
ranging from May 24 to Aug. 20. A teneral female with abnormally 
dark flavcscent wings was taken on Aug. 20, 1907, In Toronto and 
Newcastle it has been taken as early as May 20 and usually only a 
few are left by the end of the first week in August. 

142. Pachydiplaz longipennis (Burm.) 

ESSEX; Pelee 1. (FMR, NF); Pt. Pelee. KENT: Big Pt., L. St. Clair (SL & WL); 
drainage canal between Paincourt and Prairie Siding; Rondeau Park. ELGIN: Port 
Stanley. NORFOLK: Long Pt. HALDIMAND: Port Maitland (NF). WELLAND: 
Niagara Falls. WENTWORTH: Hamilton. YORK; Toronto. SIMCOE: DeGrassi 
Pt., Cook Bay. L. Simcoe. PRINCE EDWARD: East L. 

Marshy ponds or lakes and lagoons; Carolinian, It is fairly common 
from Toronto southward but had never been taken farther north until 
1933, when a single male was captured at the creek near DeGrassi 
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Point on July 12, and at least one other was seen there on the same day. 
These are the first observed in this locality in more than thirty years 
of collecting there and they have not been seen since. The dates range 
from June 11 to July 26 (August, Walker, ’06). Tenerals were observed 
at East Lake on June 19. 

143. Erythemis simplicicoUis (Say) 

ESSEX: Pelee I. (FMR); Pt. Pelee; Puce. KENT: Dover Centre; Rondeau Park. 
NORFOLK: Turkey Pt. (SLT). OXFORD: Thamesford. WELLAND: Welland R. 
near Hewitt. WENTWORTH: Hamilton. HURON: Egmondville (JGO); Auburn. 
YORK: Toronto. PRINCE EDWARD: F.a»t L. SIMCOE: DeGrassi Pt., Cook Bay, 
L. Simcoe. LEEDS: Gananoque R. hear Gananoque; Lyn (FPI, GSW, CHC). 
CARLETON: Ottawa. 

Marshy ponds and slow streams, common in the Carolinian zone 
but very local and usually scarce north of Toronto. The earliest and 
latest dates are June 19, 20, 21 (East L., Toronto, Gananoque R., 
Rondeau Park) to Aug. 19 (DeGrassi Pt.). Many specimens seen on a 
tributary of the Gananoque River on June 21 were all teneral. It 
appears to be most abundant in July. 

144. Pantala hymenea (Say) 

ESSEX: Pelee I. (FMR); Pt. Pelee, 17-27. VII. ’20. 

This species was observed at Point Pelee on several occasions by 
Mr. N. K. Bigelow and the writer. Individuals were flying over the 
beach but were extremely difficult to capture, only 2 o' and 1 9 having 
been taken. They were also seen in flight by the writer at Rondeau 
Park, Kent Co., on June 24 and at Point Pelee on June 26, 19^. There 
is little doubt that they breed here. 

145. Pantala flaveacenB (Fabr.) 

LAMBTON: Point Edward, 14 VIII. '85. Irf*. 

This was a young individual and was taken from the edge of a shallow 
lagoon from which it had doubtless emerged within a day or twb. The 
lagoon was in a depression in a sand-dune area near the beach of Lake 
Huron. It is an almost cosmopolitan species, occurring in North America 
as far north as the Carolinian zone and sometimes, as a stray, still 
farther north. Single individuals have been taken in two other Canadian 
localities, viz., Husavick, Man., and Montreal, Que. 

146. Trapszostigiiu Carolina (L.) ITrantta Carolina (L.)] 

ESSEX: Pt. Pelee (FMR, GSW, WER). YORK; Toronto. 

These localities represent the extrane northern limit of this southern 
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species. The single specimen from Toronto was taken on May 24; 
those from Point Pelee on June 16 and in late August (exact date lost). 


147. Trapezostigma lacerata Hagen 

ESSEX: Pclec I. (FMR), Pt. Pelee; St. Joachim; Belle R.; Puce. KENT: Rondeau 
Park. NORFOLK: Long Pt.; St. William’s; Norfolk (TNF). OXFORD: Thamesford. 
BRANT: Princeton. WELLAND: Welland R. near Hewitt; near Niagara Glen. 
YORK: Toronto. SIMCOE: Lefroy, Cook Bay, L. Simeoe. 

Open marshy lagoons and bays; Carolinian; common in the counties 
along Lake Erie and formerly at Ashbridge’s Bay, Toronto, a wanderer 
as far north as Lake Simeoe, where a single female was taken on June 3, 
1933. 

There are two periods of emergence (as in T, Carolina). The earliest 
date in our records is May 30 (Rondeau Park) and those taken at this 
locality on our arrival on June 20, 1922, were fully mature, while teneraU 
appeared at Point Pelee on Aug. 21 and 22. Fresh specimens were 
flying at Ashbridge’s marsh on Sept. 12 and 14, 1933. The latest date 
we have recorded is Oct. 11, 1934 (Ashbridge’s marsh) when several 
individuals were seen in flight, one captured being still quite fresh. 
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